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Imagine a microscope that handles all of 
your routine tasks easily. From histology to 


Ge cytology. A micro- 
"8 (3 
Beg scope that responds | 








so well it becomes an 
^ extension of yourself. And 


J P one that’s crafted to survive the 





busiest labs. Imagine MicroStar? 
Only from Leica. 


The reverse nosepiece gives you more 





/ ( 1 space on the stage for easier specimen 


handling. Thin fingers are available for 











trouble-free cytology scanning. The new, f 

brighter illumination 

system is right up 
front and easy to 


use. And the 





neoplan and planachro- 
matic objectives deliver an extremely flat 
field, edge to edge, for crisp, clear viewing. 


Plus, the broad base, fixed stage and 


= 


"^ en smooth focusing nosepiece give you a stable P 
e. 


view. Free of distorting vibrations. 
| Start a working relationship 
j) | thatwill last for years with 
MicroStar. Call 708-405-0123. 
Fax us at 708-405-0147. Or write Leica Inc., 
111 Deer Lake Road, Deerfield, IL 60015. 


Attention: Marketing Services. 


At Leica, we are dedicated to providing innovative solutions to our customers’ needs f 
for vision, measurement, and analysis by combining the best names in the world of 
microscopy and surveying: Cambridge Instruments, Reichert, J ung, Kern, Leitz, C 


and Wild-Heerbrugg. D 1 8 j 
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Practical Guide to Surgical Pathology 


with Cytologic Correlation 


A Text and Color Atlas 

K. Kim, MD, Med. College of Ohio, Toledo, OH, and 

B. Naylor, MB, ChB, MSc, The Univ. of Michigan School 
of Medicine, Ann Arbor, MI 


Comprehensive: This unique Text and Color Atlas 
comprehensively examines every organ system. Color slides 
and concise clinicopathologic correlations are paired with 
corresponding cytology and histopathology; important gross 
and radiologic pictures are also shown. 


Over 700 color illustrations: High-quality cytologic, 
histopathologic, and radiographic illustrations facilitate 
accurate diagnosis. Both traditional exfoliative cytology and 
fine needle aspiration cytology are featured. 


Authoritative, easy-to-use reference: Drs. Kim and Naylor 
wrote their book for busy pathology surgeons and residents. 
Their concise clinical and pathologic descriptions, easily 
accessible overviews, and carefully selected references are 
designed to yield fast answers for practitioners. 


Well structured: In the Practical Guide to Surgical 
Pathology with Cytologic Correlation, text and illustra- 
| tions for each disorder always appear on facing pages. 
Organized for quick and authoritative reference, this volume 
is an ideal tool for Boards preparation. 
Due October 1991/Approx. 320 pp., 762 illus./Hardcover 
ISBN 0-387-97538-1/$198.00 (tent.) 
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Three Easy Ways to Order: 


o CALL TOLL-FREE 1-800-SPRINGER 
(1-800-777- 4643) 8:30 a.m. - 4:30 p.m. Eastern Standard 
Time (In New Jersey, call 201-348-4033). To expedite 
the order your reference number is S843. 


^ CHECK OFF the boxes above and RETURN or FAX 
this page to Springer-Verlag New York, Inc., Attn.: 
Juliane Ritt Martinez (8843), 175 Fifth Avenue, 
New York, NY 10010, Fax # (212) 473-6272. 


° VISIT your local medical/scientific bookstore. 


7/91 S843 Z 





* Berlin °> Heidelberg 


New York 


ringer for Pathoic gy 


© Springer-Verlag 
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L Manual of Quantitative Pathology im 


Cancer Diagmosis and Prognosis 


J.P.A. Baak, MD, PhD, Free Univ. Hospital, Amsterdam, 
The Netherlands (Ed.) 


Written by the world’s leading experts, this comprehensive 
book gives thorough and detailed information about 
diagnostic protocols and necessary quantitative work. 
while avoiding unnecessary theory. Topics covered are: 
applications of flow cytometry; image cytometry; 
morphometry; digital image processing; laser microscopy; 
three-dimensional reconstruction and artificial intelligence 
to all aspects of cancer and related pathology, including 
immunopathology and molecular biology. The authors 
document that the routine application of quantitative 
methods is essential for accurate targeting of cancer 
therapy to prevent both over treatment and under treatment. 
Due April 1991/Approx. 696 pp., 245 illus., 88 tables 
ISBN 0-387-51275-6/$250.00 


J Atlas of Histopathology of the Cervix Uteri 
Dr. med. G. Dallenbach-Hellweg, Une of Heidelberg, 
Germany, and Dr. med. H. Poulsen, Dept. of Pathology, 
Univ. of Copenhagen, Denmark 


This atlas provides a highly detailed differential diagnosis 
of morphologic changes in the uterine cervix, correlating 
them with the clinical aspects of disease. Depending on 
close interdisciplinary cooperation between gynecologists 
and pathologists such a functional description of cervical 
histopathology can greatly help the gynecologist in 
understanding, diagnosing and treating cervical disease 
seen in the daily practice. 

1990/180 pp./211 illus./Hardcover 

ISBN 0-387-52295-6/$149.00 


LI Pathology of the Human Placenta — 


2nd Edition 2 
K. Benirschke, MD, Univ. of California, San Diego, and 
Prof. Dr. med. P. Kaufmann, Med. Faculty of the 
Rheinisch-Westfülische Technische Hochschule, 

Aachen, Germany 


1990/878 pp./613 illus./ Hardcover 
ISBN 0-387-97282-X/$198.00 


Payment: 


LJ Check enclosed 
[] Charge: VISA O AMEX 


Account #: 


i] Mastercard 
Expires: 


Signature: Date: . — 


Name 


Address 
City, State, Zip 


Your 30-day return privilege is always guaranteed. 
Prices are subject to change without notice. 





o Vienna » London ^» Paris «+ Tokyo =- HongKong Barcelona 
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The Osler Institute 
Pathology Review Course honoring Paul Wolf, M.D 
November 9-16, 1991 — San Diego 


Cytology Review Course honoring Eileen King, M.D. 
November 13- 16, 1991 — San Diego 


OBJECTIVES: METHODS: | FEES AND COURSE HOURS: 
o Increase anatomic and clinical pathology skills e HOME STUDY MATERIALS with questions, | Pathologistor Resident: Pih, Res hrs. 
'[eNov 9: Exmaslidelab. —.$60$40 6 


e Assist pathology residents in organizing study assignments, and answers with explanations — | 

€ Prepare candidates to take their board exams © SEMINAR with slides and lecture-note syllabus} see "n ep Ves ai s e > 

9 Provide practicing pathologists areview e LABORATORY with microscopic glass slides : e Nov 1-14: Anatomic only $480 $320 40 

"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, | € Nov. 13-16: CP only $480 $320 38 

not only from world-famous authorities but from people who are relatively unknown as well."* | @ Nov. 17:Extraslide lab. $90 $60 10 
geesonncoscoonocuanooocaconsupooDenaon Gussucacnccoepsoncocapucuno eonans avanos essousbosccco aod t e Pathology Review hours up to: 75 
Limited Enrollment: PATHOLOGY REVIEW REGISTRATION — 1991 ; € Cytology Nov. 13-16: $540 $360 40 
Name ? € Repeating course within 2 years: half price. 

oe 8 ® Microscope Rental: shared $35; private $70 
Address 2 e Add 10% within 10 days of the course. 
i l : e Attendees notin course hotel add $20/day. 

RO A E S xs : € A deposit of $50 will reserve your position. 
Phone 2 @ Subject toa$50 fee, refunds will be made up until 
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o ¥ For: [ ] Path.: November 9-16, 1991 — San Diego : pn begins. 
Mail today to: 9" SINFORMATION: 
C] Cyto.: November 13-16, 1991 — San Diego ; 
1094 Dawn Lane, Dept. 107 : Joseph H. Selliken, Jr., M.D. 
PO. Box 2218 . P C Check is enclosed for $ i 1094 Dawn Lane, Tine Haute, Indiana 47802 
Terre Haute, IN 47802 [Please send FREE SAMPLE E 








ALKALINE PHOSPHATASE 
LABELLED STREPTAVIDIN-H 


A DAKO LSAI 








M@ This new DAKO LSAB.: Kit, Alkaline Phosphatase, complements an expanding line of 


LSAB products. These include DAKO LSAB. Primary Antibodies, a series of 21 precisely 
matched prediluted monocional and polycional antibodies, which may be used with 
either the HRP or Alk. Phos. systems, LSAB. Kit (HRP), DAKO Large Volume LSAB. Kit 
(HRP), DAKO LSAB. Mouse Kit (HRP), and DAKO LSAB. Rabbit Kit (HRP), systems. 


Convenient reagent incubation times allow for the staining of numerous specimens in 


less than one hour. 
For Research Use Only. Not for use in diagnostic procedures. 


DAKO CORPORATION AUSTRALIA Bio Scientific Ply. Ltd., Gymea, 008/25/14/37 ITALY DAKO S.p.A., Milan, 02/5060211/311 
639? Via Real CANADA Dimension Laboratories Inc., Mississauga, 416/858-8510 JAPAN DAKO Japan Co. Ltd., Kyoto, 075/211/3655 
Carpinteria, California 93013 USA DENMARK DAKOPATTS a/s, Glostrup, 44/920044 NEW ZEALAND Med-Bio Enterprises Ltd., Christchurch, (64)(3)338-1020 


Ordering Information: 8002355763 FR GERMANY DAKO Diagnostika GmbH, Hamburg, 040682107 — SWEDEN DAKOPATTS ab, Hägersten, 08880555 


Distributors in most countries. FRANCE DAKO S.A., Versailles, 1 39 50 15 57 UNITED KINGDOM DAKO LTD., High Wycombe, 0494/452016 
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INFORMATION YOU CAN USE. 


The ASCP/CAP Fall Meeting, Sep- 
tember 21-27, 1991, offers the very 
best in ideas, innovations, and infor- 
mation. Take the next logical step in 
advancing your knowledge (and your 
career!) by attending any ofthe ASCP 
programs offered in New Orleans. 


All specialties, all levels of experi- 
ence, all aspects of laboratory medi- 
cine are covered in 200 information- 
filled programs. Your benefits are 
immediate, because the focus of 
each program is on practical ideas 
you can use now. 


DYNAMIC RESEARCH. 


Learn about all that is new in labo- 
ratory medicine at the poster ses- 
sions. More than 140 scientific 
posters will present research from 


MDs, PhDs and MTs in the field. 


The Pathology Resident Awards will 
present the finest research efforts 
conducted by pathology residents 
across the nation. Ten papers, five 
each in anatomic and clinical pa- 
thology, will be presented from the 
podium. 








E X HIB! T S 
SEPTEMBER 2] uy 


FOR FREE ASCP/CAP FALL 
MEETING IMFORMATION: 
CALL ASCP TOLL-FREE: 
BOO-G21 -41 42 
CR] ULLIRIDIS: 312-738-4890} 








GREAT EXHIBITS. 


It's all at the New Orleans Conven- 
tion Center, September 23-25! More 
than 150 booths will represent key 
suppliers of your laboratory needs. 
Every significant laboratory-related 
product and service will be there 
from microscopes to computer 
systems, from educational materi- 
als to laboratory equipment. 


CELEBRATE NEW ORLEANS. 


A history of charm, warm hospital- 
ity, and great food. Incomparable 
jazz that makes the soul soar. Allthe 
ingredients for a sensational time 
are in New Orleans. 


Go for a rollicking ride on a 150 year 
old streetcar. See the wonderful 
Audubon Zoo. Visit the exciting 
thoroughbred racetracks. Take a 
carriage ride through the French 
Quarter. Tour elegant antebellum 
plantations. Linger in Jackson 
Square for an incredible show of 
musicians, mimes and artists. Come 
to New Orleans for the fun of it all! 
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IMMEDIATE EARLY ANTIGEN 
CLONE E13 


NOW AVAILABLE! 


Clone E13 detects an immediate early antigen which appears 2 hours 
after infection, and persists during the entire CMV infection cycle. This 
monoclonal is suitable for use with routinely fixed, paraffin embedded 
tissue sections. It can also be used directly on broncho-alveolar lavage, 
or with infected cell cultures. 
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- SAVE AND PROTECT | 
YOUR COPIES 


With Custom-Made 
Cases and Binders 


rganize and keep copies of this publication readily available for reference with custom-made, titled cases and 
Q binders. Whichever you choose, you'll have a storage system that's durable and well organized to help protect 
your valuable copies from damage. 

Each designed to hold a year's issues (may vary with issue sizes) o Constructed of heavy reinforced board covered 
with durable leather-like material with title hot-stamped in gold e Free personalization foil for indexing year o Cases V- 
notched for easy access e Binders have individual rods which allow issues to be fully opened for easy readability. 

Cases: 1-$7.95 3-$21.95 6-$39.95 
Binders: 1-$9.95 3-$27.95 6-$52.95 


*——"————-— na*umaA vssuramdmueman*umpaAqcc HAN A hRa mra eee ee ee eee e cc-ccamWam*uaenasepttnchaaemmewu-wmuuacchhh4vnbuewmatnemmwcccchAB4dUEVdecuccrcrm- 


Be sure to indicate title in space provided below 





Jesse Jones Industries, Dept. JBL, 499 East Erie Avenue, Philadelphia, PA 19134 


Please send |... cases; .... . binders for 
name of publication 
(clearly print journal title) 


Enclosed is $... —— Add $1 per case/binder postage and handling. 
Outside USA $2.50 per case/binder. (US funds only.) 
Charge my: (Minimum $15) 
L] American Express [] Visa O Mastercard O Diners Club 


CIO utt a lot s Lou a et o c IEXD Date 
Charge Orders: Call TOLL FREE 7 days, 24 hours 1-800-972-5858 
Print Name 


Address 
No P.O. Box Numbers 


City/State/Zip 
PA residents add 6% sales tax 
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ENZYME 
SUBSTRATE 
KITS 


PEROXIDASE 


DAB (insoluble, brown or black) 
AEC (insoluble, red) 

4-CN (insoluble, grey) 

TMB (insoluble, blue) 

ABTS (soluble, green) 


ALKALINE PHOSPHATASE 


Vector? Red (insoluble, red)* 

Kit II (insoluble, black) 

Kit III (insoluble, blue) 

BCIPINBT (insoluble, blue/violet) 

PNPP (soluble, yellow) 
*highly fluorescent product 


GLUCOSE OXIDASE 


NBT (insoluble, blue/purple) 
TNBT (insoluble, black) 
INT (insoluble, red/violet) 


Each kit contains necessary reagents in convenient 

dropper bottles sufficient to prepare 200 or 300 ml of working 
substrate solutions. The kits have been designed for optimal 
performance in immunohistochemistry, in situ hybridization, 
enzyme immunoassays, and transfer blot techniques. For 
specific details or protocols please phone or write: 


VECTOR LABORATORIES, INC. 

30 Ingold Road, Burlingame, CA 94010 

(415) 697-3600 

VECTOR LABORATORIES, LTD. 

16 Wulfric Square, Bretton, Peterborough PE3 8RF U.K. 
(0733) 265530 








plus 26 distributors worldwide 
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Aberrant MT2 Positivity Distinguishes Follicular Lymphoma from Reactive Follicular Hyperplasia in B5- and 90 
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New— For Paraffin Tsis 
| | J 








: Proliferating Cell Nuclear Antigen 


Signets new PCNA Monoclonal Antibody detects proliferating cells in routinely-processed tissues, 

including formalin-fixed, paraffin-embedded tissues. PCNA (Cyclin) immunoreactivity can be used 

| as an index of cell proliferation in tumors and normal tissues as an adjunct to histological grading. 
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Editorial 


Intraoperative Cytology 
Back to the Future? 


In 1927, Dudgeon and Patrick! published a report of what 
was then “a new method for the rapid microscopical di- 
agnosis of tumours” and analyzed the results of 200 cases 
examined by this technique. The publication of this report 
does not appear to have stimulated any massive reaction, 
as evidenced by the fact that—according to a recent lit- 
erature review^—only three more communications on this 
subject were published within the next 25 years. A belated 
response has been noted in the last two decades, however, 
with the same review article citing 17 manuscripts pub- 
lished since 1970, to which several more could easily be 
added. The latest of these is the report of Mair and col- 
leagues that appears in this issue.? 

In that report, the authors have compared both the 
degree of diagnostic accuracy and the quality of the spec- 
imens obtained in a series of consecutive cases studied by 
both intraoperative cytology and frozen section. Cases in- 
volving the assessment of surgical resection margins were 
excluded. A unique component of this study was that 
most of the cytologic examinations were performed by 
fine-needle aspiration of the specimens, with a smaller 
proportion examined by scrape, crush, or imprint smears. 
All cytologic material was alcohol fixed and hematoxylin 
and eosin stained. Three major conclusions were reached: 
(1) the quality of cytologic preparations was significantly 
superior to that of frozen sections; (2) the accuracy of 
diagnosis by the two techniques was not significantly dif- 
ferent; (3) in all but one case, when one technique failed 
to distinguish a benign from a malignant diagnosis, the 
other technique was successful. Thus, the authors con- 
clude that “because cytology neither adds significantly to 
the time needed for F/S preparation nor imposes excessive 
additional demands on a routine anatomic pathology lab- 
oratory (in terms of equipment, stains, and personnel) the 
authors advocate the simultaneous use of both F/S and 
cytology in the intraoperative evaluation of surgical spec- 
imens." 

We strongly endorse this statement and indeed would 
go beyond it to note that, in many situations, intraoper- 
ative cytologic techniques can actually replace, rather than 
merely complement, the traditional frozen section. Many 
of the reasons for this conclusion are mentioned by Mair 
and colleagues and have been cited by us as well in a series 
of publications on the subject.*!! If technical specimen 
adequacy and diagnostic accuracy are not compromised 


by a cytologic preparation—-as demonstrated in the series 
of Mair and associates, in our own experience, as well as 
that of others!?-!6— then the rationale for using one tech- 
nique or the other depends on other considerations. One 
of the major factors involved is time. Mair and colleagues 
state that "cytology smears in this study required an av- 
erage of two minutes to prepare, compared with a ten- 
minute mean time for F/S preparation", and this is our 
experience as well. The advantage is clear when consid- 
ering the situation of a busy operating room providing 
multiple specimens simultaneously. In addition, the time 
savings (for the pathologist, the surgeon, and the anes- 
thetized patient) is also notable when examining several 
portions of one specimen. Examples include multiple 
lymph nodes in a pelvic dissection in a patient with pros- 
tatic carcinoma!’ and multiple zones of firm tissue (fat 
necrosis versus residual carcinoma) surrounding a biopsy 
cavity in a wider excision or mastectomy for carcinoma. 
In each of these and similar situations, several cut surfaces 
to be examined can be imprinted or smeared on the same 
slide if an air-drying technique is used rather than one 
requiring immediate fixation.®!! 

The converse of the large or multiple specimen is the 
minute specimen that may be used in its entirety in the 
preparation of a frozen section, leaving no residual tissue 
for subsequent permanent sections. In this situation as 
well, an imprint often provides an accurate diagnosis while 
leaving tissue available for further study. The further study 
thus facilitated may be not only the microscopic exami- 
nation of a permanent section but also electron micros- 
copy, hormone receptor assays, flow cytometry, lymphoid 
cell marker studies, and other adjunctive tests that may 
be indicated in a particular case. 

Certain tissues that often do not permit technically ad- 
equate frozen sections also may be appropriate for intra- 
operative cytologic diagnosis. For example, we have made 
appropriate diagnoses in the operating room on both fatty 
and bony specimens, in which frozen section diagnosis 
would have been difficult if not impossible. Necrotic tis- 
sues also are easier to examine and more likely to yield a 
diagnosis by cytologic techniques. 

We perform intraoperative cytology exclusively in cases 
in which the specimen is submitted from a known human 
immunodeficiency virus-positive patient or in other sit- 
uations in which we suspect infection that would result 
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in contamination of the cryostat. Most of the lesions likely 
to be seen in this setting (i.e, Pneumocystis carinii, My- 
cobacterium avium intracellulare, and other infections, as 
well as malignant lymphoma) are diagnosed as accurately, 
if not more accurately, by cytology than by frozen sec- 
tion,'? with the exception of Kaposi's sarcoma. We have 
found this lesion to be particularly difficult to diagnose 
cytologically, even when it is grossly apparent in a spec- 
imen such as a lymph node. In this situation, we ensure 
that the surgeon is aware that false-negative diagnoses are 
common in our experience, and to date this policy has 
not resulted in any major adverse consequences for the 
patients involved. 

A consideration of the consequences to the patient of 
an incorrect or misleading intraoperative diagnosis is es- 
sential to the interpretation of the results of intraoperative 
consultation. The Association of Directors of Anatomic 
and Surgical Pathology recently included a statement on 
intraoperative consultation in its recommendations on 
quality control and quality assurance in surgical pathology 
and autopsy pathology.!? In addition to a statement as to 
whether each intraoperative diagnosis agrees or disagrees 
with the final diagnosis or was appropriately or inappro- 
priately deferred, as well as the reason for major disagree- 
ment or inappropriate deferral (interpretation, block 
sampling, specimen sampling, technical inadequacy, lack 
of essential clinical or pathologic data, or other), the As- 
sociation also recommended that the medical conse- 
quences of the major disagreements and inappropriate 
deferrals be listed as either none, minor/questionable, or 
major. Incorrect or inappropriately deferred diagnoses 
with major implications for patient care obviously need 
to be analyzed further. This sort of analysis can be applied 
equally to a comparison of intraoperative cytologic and 
frozen section diagnoses. For example, Mair and co- 
workers note correctly that the distinction between a fi- 
broadenoma and fibrocystic changes, or between an in- 
filtrating ductal and infiltrating lobular carcinoma of the 
breast, may be more difficult with cytologic examination 
than by frozen section. However, at our own institution, 
breast biopsies are performed almost exclusively as out- 
patient procedures, and the rationale for performing in- 
traoperative pathologic consultation on these specimens 
is to identify malignant tumors for submission of tissue 
for such studies as hormone receptor assays, flow cytom- 
etry, and oncogene amplification studies. Thus, in this 
setting, a diagnosis of “benign” or “carcinoma” is suffi- 
cient, and we see no reason to prefer one technique to 
another because it is capable of rendering a more specific 
diagnosis. In other clinical situations, in which a more 
specific diagnosis is required during operation, we may 
indeed prefer to perform a frozen section, while in yet 
other situations (for example, characterizing the cell type 


of a malignant lymphoma) intraoperative cytology may 
even provide a more specific diagnosis than a frozen sec- 
tion. The final message is that we evaluate each case pro- 
spectively on its own merits and decide at that time 
whether to perform a cytologic procedure, a frozen section, 
both, or neither. If we decide on a cytologic technique, ° 
we then have the option of an imprint, a squash prepa- 
ration, or a scrape and smear, followed by the option of 
air drying with Diff-Quik staining or alcohol fixation with 
hematoxylin and eosin staining. We have only rarely used 
fine-needle aspiration of the intraoperative specimen, and 
to reduce sampling errors, as noted by Mair, we usually 
scrape several cut surfaces of the specimen. 

Each technique has specific indications and limitations. 
For example, we now always use air-dried Diff-Quik- 
stained imprints for the intraoperative evaluation of bi- 
opsy specimens in cases of hyperparathyroidism because 
we have learned that this methodology is better suited to 
the evaluation of intracytoplasmic lipid, and thus to the 
level of functional activity of the parathyroid cells (7). On 
the other hand, we always prepare an alcohol-fixed, he- 
matoxylin and eosin-stained slide when looking at sus- 
pected brain tumors because the glial fibrillary network 
of primary gliomas is better demonstrated by this tech- 
nique, thus facilitating the differential diagnosis from 
metastatic carcinoma, meningioma, and other lesions. In 
examining lymph nodes, we have learned that imprints 
provide better cellular preservation in high-grade lym- 
phomas but focal lesions such as granulomas and metas- 
tases can be detected more effectively by a scrape and 
smear. Many other such examples might be cited, but the 
general message here is that intraoperative cytology offers 
many choices, and the knowledge of when to favor one 
over another comes only from long experience. 

Finally, we would mention that there are several situ- 
ations in which intraoperative cytology generally is not 
as useful as frozen section examination. These include 
the evaluation of resection margins and of the presence 
or absence of stromal invasion or the depth of invasion 
of a malignant tumor. In addition, whenever there is a 
discrepancy between the gross and cytologic appearances 
of a specimen (for example, when a specimen appears 
grossly malignant but the cytology is benign, as in some 
lobular carcinomas of the breast, a frozen section must 
be performed. If the cytologic material is technically in- 
adequate or borderline (an unusual occurrence both in 
our experience and that reported by Mair and colleagues), 
certainly a frozen section should be done as well. Finally, 
if the surgeon or the patient specifically requests a frozen 
section rather than a cytologic technique, we will grant 
that request. 

Using these general indications, our recent experience 
has been that about two thirds of our intraoperative con- 
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sultations are performed using cytologic techniques only, 
with an additional 10% based on gross examination. Thus, 
we actually perform a frozen section in only about one 
fourth of all of our consultations.’ The cryostat, of course, 
remains an indispensable part of our diagnostic arma- 
mentarium, but we suggest that, after a sufficient period 
of performing intraoperative cytology and frozen sections 
side by side, many pathologists will find, as we have, that 
the cytologic techniques alone will suffice in most cases. 


MARY K. SiDAWY, M.D. 

STEVEN G. SILVERBERG, M.D. 

Department of Pathology 

The George Washington University 
Medical Center 

Washington, D.C. 


REFERENCES 


1. Dudgeon LS, Patrick CV: A new method for the rapid microscopical 
diagnosis of tumours: With an account of 200 cases so examined. 
Br J Surg 1927;15:250-261. 

2. Kontozoglou TE, Cramer HM: The advantages of intraoperative 
cytology. Analysis of 215 smears and review of the literature. 
Acta Cytol 1991;35:154—164. 

3. Mair S, Lash RH, Suskin D, Mendelsohn G: Intraoperative surgical 
specimen evaluation: frozen section analysis, cytologic exami- 
nation, or both? A comparative study of 206 cases. Am J Clin 
Pathol 1991;96:8-14. 

4. Silverberg SG: Imprints in the intraoperative evaluation of parathy- 
roid disease. Arch Pathol 1975;99:375-378. 

5. Bloustein PA, Silverberg SG: Rapid cytologic examination of surgical 
specimens. Pathol Annu 1977;12(2):251—278. 

6. Esteban JM, Zaloudek C, Silverberg SG: Intraoperative diagnosis of 


Vol, 96 « No. 1 


17. 


18. 


19. 


breast lesions. Comparison of cytologic with frozen section tech- 
nics. Am J Clin Pathol 1987;,88:681-688. 


. Sasano H, Geelhoed GW, Silverberg SG: Intraoperative cytologic 


evaluation in the diagnosis of parathyroid adenoma. Am J Surg 
Pathol 1988;12:282-286. 


. Costa M, Sidawy MK: Diagnosis of benign follicular lesions of the 


thyroid. Intraoperative cytology. Mod Pathol 1989;2:521—525. 


. Oneson RH, Minke JA, Silverberg SG: Intraoperative pathologic 


consultation: An audit of 1,000 recent consecutive cases. Am J 
Surg Pathol 1989:13:237—243. 


. Abrams J, Silverberg SG: The role of intraoperative cytology in the 


evaluation of gynecologic disease. Pathol Annu 1989;24(2):167— 
187. 


. Nochomovitz L, Sidawy M, Silverberg SG, et al: Intraoperative 


Consultation. A Guide to Smears, Imprints, and Frozen Sections. 
Chicago: ASCP Press, 1989. 


. Sakai Y, Lauslahti K: Comparison and analysis of the results of 


cytodiagnosis and frozen section during operation. Acta Cytol 
1969; 13:359~-368. 


. Schricker KT, Hermanek P: Intraoperative histology or cytology? 


Virchows Archiv (Pathol Anat) 1974;362:247-258. 


. Suen KC, Wood WS, Syed AA, et al. Role of imprint cytology in 


intraoperative diagnosis: Value and limitations. J Clin Pathol 
1978;31:328-337. 


. Wilkerson JA, Bonin JM: Intraoperative Cytology: An Adjunct to 


Frozen Sections. New York: Igaku-Shoin, 1987. 


. Martinez AJ, Pollack I, Hall WA, Lunsford LD: Touch preparations 


in the rapid intraoperative diagnosis of the central nervous system 
lesions: A comparison with frozen sections and paraffin-embedded 
sections. Mod Pathol 1988;1:378—384. 

Gentry JF: Pelvic lymph node metastases in prostatic carcinoma: 
The value of touch imprint cytology. Am J Surg Pathol 1986;10: 
718-727. 

Jannotta FS, Sidawy MK: The recognition of mycobacterial infection 
in AIDS patients by intraoperative cytology. Arch Pathol Lab 
Med 1989;113:1120-1123. 

Association of Directors of Anatomic and Surgical Pathology: Rec- 
ommendation on quality control and quality assurance in surgical 
pathology and autopsy pathology. Am J Surg Pathol (In press). 





AMERICAN JOURNAL OF CLINICAL PATHOLOGY 
Editorial 





Parvovirus B19, Hydrops Fetalis, 
and Fetal Wastage 


An Etiologic Sequence 


Many unfortunate pathologic testimonials at the surgical 
pathology bench and autopsy table support the fact that 
the gravid uterus, which is at least a protected environment 
metaphorically, may be the site of any number of extrinsic 
perils to its occupant, the embryo-fetus. In the last 20 
years, Naeye, in a series of clinicopathologic and epide- 
miologic studies, has shown very convincingly that the 
health of the baby is a reflection of the overall health and 
welfare of the mother.'? Common sense would virtually 
dictate that the status of the baby and mother is linked 
in an intimate and unique manner. 

One of the more important categories of extrinsic insults 
is represented by microbial pathogens, which are the 
agents of intrauterine infection, as acquired through the 
maternofetal transplacental route or the ascending route, 
often through ruptured membranes.? The specific micro- 
organisms and the time of the infection during gestation 
are two important variables that will determine the con- 
sequences to the embryo or fetus. Among viral infections, 
the effects on the unborn child are especially well known 
for rubella, cytomegalovirus and varicella-zoster.^? Gregg 
made the pioneering observation that maternal rubella in 
the first trimester of pregnancy was associated with con- 
genital cataracts. Later, persistent patent ductus arteriosus 
and peripheral pulmonary stenoses were recognized as 
additional features of rubella embryopathy.^ In the last 
50 years, the list of pathogens has grown, and with it, an 
appreciation for the range of effects on the embryo and 
fetus. These range from teratogenicity, to inflammatory 
sequelae and intrauterine growth retardation. 

This issue contains a study by Schwarz and colleagues, 
who have examined the organs of fetuses from mothers 
who had confirmed acute human parvovirus B19[B19] 
infections. These ultimately resulted in spontaneous ter- 
mination of pregnancies in 16 of 19 cases, and one peri- 
natal death.’ A combination of old and new technologies 
(routinely stained microscopic sections and in situ DNA 
hybridization) established the presence of B19 in a number 
of organs, where the virus preferentially infects erythro- 
blasts.*-'? A comparison of the two techniques revealed 
somewhat greater sensitivity of in situ hybridization for 
the identification of infected cells, and the ability to detect 
the virus in autolyzed tissues that were unsuitable for his- 


tologic evaluation. An earlier study by Porter and asso- 
ciates examined lung tissues in 13 cases of unexplained 
hydrops fetalis, and found B19 DNA in blood vessels in 
four cases (31%).'* They also identified characteristic pink 
to purple inclusions by light microscopy, but DNA hy- 
bridization demonstrated many more infected cells than 
were appreciated histologically. One obvious conclusion 
is that in situ hybridization improves sensitivity in addi- 
tion to specificity for B19 infection. 

It would seem that there is little room left for yet another 
virus that we must contend with after the human im- 
munodeficiency virus, Herpes simplex, and human pap- 
illomavirus. However, the discovery of parvovirus B19 
(B1 through B18 do not exist) in 1975 eventually estab- 
lished the etiology of “fifth disease" or erythema infec- 
tiosum, and explained aplastic crises in individuals with 
chronic hemolytic anemias.!^!? Transient erythrocytic 
aplasia probably occurs in most patients with B19 infec- 
tion. A self-limited symmetrical polyarthropathy also has 
been described in adults who lack evidence of a skin rash. 

Several important questions emerge from the study of 
Schwarz and associates. One relates to the epidemiologic 
aspects of B19 infection, and the other to the morphologic 
manifestations in the fetus that would suggest the possi- 
bility of the infection. The above-cited study by Porter et 
al. addresses the latter question to some degree. Schwarz 
and associates have shown that an acute B19 infection 
was confirmed in the mothers by the detection of viral 
specific IgM"; this antibody is found 3 to 4 days after the 
onset of maternal illness, and usually declines within 1 
or 2 months. Nonetheless, questions remain. Were these 
mothers infected during a B19 epidemic, and were these 
cases collected during a period of time without well-de- 
fined epidemiologic implications? After all, it was during 
an epidemic of erythema infectiosum in Scotland that the 
first documented cases of B19-associated fetal hydrops 
and spontaneous abortion were identified. '* On the other 
hand, Porter and co-workers selected their cases from ex- 
amples of unexplained hydrops fetalis during a period of 
time without a known B19 epidemic.'? Because it is ac- 
cepted that B19 is transmitted vertically from the mother 
to the fetus, what is the probability of a fetal infection 
when the mother has an acute infection? There are rec- 
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ognized differences among the various types of viruses in 
infectivity rates and fetal effects, which are dependent to 
some extent on the time during gestation when the infec- 
tion occurs. For instance, 1 to 2% of all newborns in the 
United States have serologic evidence of an in utero cy- 
tomegalovirus infection, but only 10% of neonates have 
overt clinical features of this infection.? Unlike the thor- 
ough documentation of maternofetal cytomegalovirus 
infection, comparable data are unavailable for B19. How- 
ever, some inferences regarding risk have been derived 
from a few epidemiologic and anecdotal reports. It would 
appear that most fetuses are spared the adverse conse- 
quences of an acute maternal B19 infection. In a case- 
control study of congenital anomalies and fetal deaths 
(spontaneous abortions and stillbirth) Kinney and asso- 
ciates were unable to demonstrate excess fetal morbidity 
or mortality rates after an outbreak of B19 infection.’ 
They also evaluated a group of mothers who experienced 
fetal wastage after a B19 epidemic and were unable to 
show B19 IgM in any patient or control subject. It was 
their conclusion that the rate of maternofetal B19 trans- 
mission was approximately 1%. Using several published 
and unpublished sources, the Committee on Infectious 
Diseases of the American Academy of Pediatrics con- 
cluded that the risk of presumed B19-related fetal death 
ranged from 3% to 9% in those mothers who were infected 
during the first 20 weeks of pregnancy.!? A more ominous 
outcome was suggested by Rodis and colleagues, who re- 
viewed the literature and examined their own experience. 
They concluded that 38% of pregnancies had an adverse 
outcome when the mother had an antenatal B19 infec- 
tion.!’ All are in agreement on fetal risk, but there is no 
consensus about its level. 

Hydrops fetalis is seemingly a consistent pathologic 
finding in the B19-infected fetus. With the marked decline 
in Rh incompatability-associated hydrops in most devel- 
oped countries, nonimmune hydrops fetalis is encoun- 
tered more commonly in a relative sense.!? It is estimated 
that 1:1400 to 1:2500 pregnancies are complicated by the 
latter disorders. Its causes are multitudinous, ranging from 
hemoglobinopathies or cardiac (and other) anomalies, to 
infections. Approximately 5% of all cases of nonimmune 
hydrops fetalis are caused by a fetal viral infection (cy- 
tomegalovirus, rubella, herpes simplex, parvovirus), bac- 
teria (syphilis), or protozoa (Toxoplasma).'? The patho- 
physiology of parvovirus-associated hydrops fetalis is 
similar, in some respects, to the hemoglobinopathies and 
hemolytic anemias. These conditions feature a diminished 
volume of erthrocytes, because erthroblasts are destroyed 
as targets of the infection. Anemia, decreased plasma col- 
loid osmotic pressure, and congestive heart failure, in 
concert, are the pathophysiologic factors in the develop- 


ment of hydrops fetalis, it has an attendant mortality rate 
of more than 90%.” In addition to marked subcutaneous 
edema, effusions in major body cavities, inflammation of 
the heart and skeletal muscle, and abnormal hepatic ex- 
tramedullary hematopoiesis, the spleen and kidneys are 
often abnormal in individual cases.?' There also have been 
some reports suggesting that B19 may have teratogenic 
effects, with the occurrence of microphthalmia and retinal 
dysplasia, reminiscent of ocular rubella embryopathy.” 

Parvovirus B19 has not acquired the widespread no- 
toriety of rubella, Herpes simplex, or human immuno- 
deficiency virus, as a harbinger of serious (if not lethal) 
consequences to the fetus and neonate. The pathologist 
should be alerted to the possibility of B19 infection if a 
thorough gross and microscopic examination of a stillborn 
hydropic fetus fails to yield an etiology. Jn situ hybridiza- 
tion is a powerful technique that can be used to confirm 
a B19 infection, but the starting point 1s the recognition 
of inclusion-bearing erythroid cells in the fetus and edem- 
atous placental villi. 


Louis P. DEHNER, M.D. 

Department of Pathology 

Lauren V. Ackerman Laboratory of Surgical Pathology 
Washington University Medical Center 

St. Louis, Missouri 
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Intraoperative Surgical Specimen 
Evaluation: Frozen Section Analysis, 
Cytologic Examination, or Both? 

A Comparative Study of 206 Cases 


SHARON MAIR, M.B.B.CH., RICHARD H. LASH, M.D., DANI SUSKIN, M.B.B.Cu., 
AND GEOFFREY MENDELSOHN, M.D. 


Having recently become aware of the merits of cytologic prep- 
arations, histopathologists are focusing their attention on cyto- 
logic examination as a means of intraoperatively evaluating sur- 
gical specimens. This study compares the diagnostic accuracy 
and quality of frozen-section (FS) and cytologic preparations 
from 206 surgical specimens. The quality of cytologic prepara- 
tions was significantly superior to that of FSs (P = 0.0601). 
With the use of a three-level accuracy scale suited to the practical 
demands of intraoperative evaluation, there was no significant 
difference between the accuracy of diagnosis by FS analysis 
compared with that achieved by cytologic examination (P = 0.35). 
More importantly—except in one case— whenever one technique 


Over the last 70-80 years, numerous studies throughout 
the world have found cytologic examination to be a rapid, 
accurate, and reliable means of diagnosing neoplastic and 
nonneoplastic processes. Having become aware of the 
many advantages offered by cytologic examination, when 
compared with those of frozen section (FS) analysis, his- 
topathologists recently have refocused their attention on 
cytology as an adjunct to FS diagnosis in intraoperative 
surgical pathology. Studies comparing the diagnostic ac- 
curacy of FS analyses with that of intraoperative imprint 
and crush cytologic studies have recently appeared in the 
English literature. Most of these have concentrated on 
specific body sites such as the breast,'? lymph nodes,** 
nervous system," and salivary glands.^? Although a few 
large studies, examining lesions from a variety of sites, 
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did not correctly distinguish benign from malignant disease, the 
other technique yielded an essentially correct diagnosis. With 
the use of both techniques, 99.5% of cases were interpreted cor- 
rectly, at least in regard to benign versus malignant diagnoses. 
Because significant additional time, equipment, stains, laboratory 
space, or personnel are not needed to implement intraoperative 
cytologic studies in a routine anatomic pathology laboratory, the 
authors advocate the simultaneous use of FS and cytologic studies 
in the specified context. (Key words: Intraoperative consultation; 
Intraoperative cytology; Frozen section; Fine-needle aspiration) 
Am J Clin Pathol 1991:96:8—14 


have been published since 1977,?-!! most have considered 
only the distinction of benign from malignant disease. To 
our knowledge, none has objectively scored the degree of 
accuracy of diagnosis, nor has any study evaluated the 
quality of the specimens produced with each technique. 
Furthermore, no large assessment has used fine-needle 
aspiration (FNA), a cytologic technique that may reduce 
the risk of sampling errors. 

To better assess the relative merits of intraoperative 
cytologic and FS studies, this article presents a series of 
206 surgical specimens, each of which was processed si- 
multaneously for cytologic studies and FS analysis. All 
preparations were evaluated for overall diagnostic accu- 
racy and quality using point scoring systems. 


MATERIALS AND METHODS 


Specimens 


The study comprises a representative sample of cases 
submitted to the Surgical Pathology Laboratory for intra- 
operative surgical pathologic evaluation during the 20- 
month period from August 1988 to March 1990. The 
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sample consisted of all cases received by one of us in which 
both intraoperative FS and cytologic studies were per- 
formed. Cases requiring microscopic assessment of sur- 
gical margins were excluded so that they could be con- 
sidered in a separate study. Two hundred six cases were 
evaluated. 


Frozen Sections 


All tissue submitted for FS analysis was examined 
grossly. Areas that were most representative of the lesion 
in question were sectioned, embedded in OCT® com- 
pound (Tissue-Tek, Miles Inc., Elkhart, IN), frozen rapidly 
in a cryostat, and cut into 6-um sections. These were fixed 
in absolute ethanol and stained with a rapid hematoxylin 
and eosin technique. 


Cytologic Preparations 


Whenever possible, FNA cytologic studies were un- 
dertaken on specimens that were received, which would 
enable maximal, thorough tissue sampling. FNA was per- 
formed using 22-gauge needles (outer diameter = 0.7 mm) 
according to the method described by Wilson and asso- 
ciates.!? When specimens were too small or hard to as- 
pirate (as in bony samples), scrape, crush, or imprint 
smears were prepared. All cytologic material was smeared 
evenly on glass slides, fixed in absolute ethanol, and 
stained 1n the same manner as FS slides. 


Specimen Analysis 


Analyses were performed retrospectively to ensure that 
the observers would have no recollection of final diagnoses 
in any particular case. All FS slides were assessed inde- 
pendently by two observers (assigned as FS-1 and FS-2). 
All cytologic slides were evaluated by a third observer. 
The three observers were provided with the clinical data 
available at the time of the initial surgical procedure, 
which included patient age, sex, site of the lesion, surgical 
gross description, and any additional relevant radiologic 
or clinical findings. All specimens were assessed for the 
quality of preparation and the degree of diagnostic ac- 
curacy. 


Specimen Quality Assessment 


A point score was assigned to each FS and cytologic 
preparation as follows: 


0 points: The preparation exhibited such poor quality that 
the diagnosis was deferred necessarily (showing, for ex- 
ample, severe FS artifact, excessive tissue folding by FS, 
marked cellular degeneration, or inadequate volume of 
cellular material by cytologic examination). 


| point: The tissue sections or cytologic smears were so 
distorted that ease of diagnosis was compromised. 

2 points: Cellular detail was preserved very well, with 
minimal distortion. 


Diagnostic Accuracy Assessment 


Each case was assigned one or more diagnoses. These 
were compared with the final pathologic diagnosis, based 
on permanent paraffin-embedded histologic sections, any 
special histochemical or immunohistochemical stains, and 
electron microscopic examination (when it had been per- 
formed). The following point scores were allocated to cases 
to denote degree of diagnostic accuracy: 


0 points: The diagnosis was incorrect, with respect to be- 
nign versus malignant disease. 

| point: The diagnosis was correct regarding a benign ver- 
sus malignant diagnosis only but incorrect with respect 
to the final diagnosis (e.g., carcinoma vs. lymphoma); 

Or: The diagnosis was deferred until examination of 
permanent sections. 

2 points: The diagnosis was "essentially correct," i.e., cor- 
rect regarding benign versus malignant status, and in 
terms of classification as carcinoma, sarcoma, inflam- 
matory, etc., but not “absolutely” correct (e.g., duct in- 
stead of lobular carcinoma of breast; sarcoma not oth- 
erwise specified, instead of leiomyosarcoma); 

Or: The correct specific diagnosis was included in the 
differential diagnosis (e.g., a case of adenocarcinoma 
called *adenocarcinoma vs. large cell undifferentiated 
carcinoma"); 

Or: The diagnosis was correct and specific (e.g., leio- 
myosarcoma, follicular non-Hodgkin's lymphoma, 
caseating granulomatous inflammation). 


Each case was assigned one cytologic score for diag- 
nostic accuracy and for quality and two scores for FS 
accuracy and quality. Each observer was scored by con- 
sensus for diagnostic accuracy. All accuracy points were 
allocated by considering the limitations of the analytic 
technique; for example, if a thyroid follicular carcinoma 
was identified as a “follicular neoplasm” by cytologic ex- 
amination, two points were assigned because cytologic 
examination cannot differentiate reliably between follic- 
ular adenoma and carcinoma. Similarly, if a minimally 
invasive follicular carcinoma of the thyroid did not dem- 
onstrate capsular or vascular invasion on FS analysis, and 
the FS therefore was interpreted as “follicular adenoma, 
pending adequate sectioning of capsule,” two points were 
allocated. 

For the following reasons, some diagnoses were deferred 
until permanent sections were prepared (accuracy score 
= |): 
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1. The specimen was of poor quality, such that the quality 
score was 0 points; 

2. Difficult diagnostic problems existed (e.g., atypical re- 
active lymphoid hyperplasia vs. non-Hodgkin’s lym- 
phoma); and 

3. There were limitations resulting from a small sample 
Size. 


Analysis of Results 


Specimen quality and the diagnostic accuracy of each 
technique (cytologic and FS analyses) were evaluated to 
determine whether either method was superior in any way. 
Because FS analysis is the more accepted procedure, cy- 
tologic examination was tested under more stringent con- 
ditions, such that, in all cases, the points assigned to cy- 
tologic preparations were compared with the higher of the 
two scores for FSs (referred to as “better FS"). 

The cytologic scores for diagnostic accuracy and quality 
were compared with those for FS analysis in al] 206 cases 
when considered cumulatively, as well as in regard to in- 
dividual specific sites as considered independently. All 
values were interpreted statistically using (where appro- 
priate) the sign test and the Wilcoxon unmatched-pairs 
signed-ranks test. A P value < 0.05 was considered to 
denote statistical significance. 


RESULTS 


Sites 


The 206 surgical specimens were obtained from a va- 
riety of body sites, as shown in Figure 1. Fifty-two (25.2%) 
were from the breast; 40 (19.4%) from lymph nodes; 21 
(10.2%) from the central nervous system (14 cerebrum, 
2 cerebellum, 4 meninges, 1 ulnar nerve); 18 (8.7%) from 
soft tissue; 16 (7.8%) from the female genital tract (2 


Site 
Breast 
Lymph Node 
CNS 
Soft Tissue 


Pancreaticobiliary 
Skin 
Salivary 
Testis 
0 id. 26 30 40 50 60 
FIG. 1. Sites of 206 study cases. 


uterus, 13 ovary, 1 vagina); 15 (7.3%) from the respiratory 
tract; 14 (6.8%) from endocrine tissues (11 thyroid, 1 ad- 
renal, 2 parathyroid); 10 (4.996) from the gastrointestinal 
tract (2 anus, 2 colon, 4 small bowel, 2 stomach); 4 (1.9%) 
from liver; 4 (1.990) from the urinary tract (2 bladder, 2 
kidney); 3 (1.5%) from bone; 3 (1.5%) from the pancrea- 
ticobiliary system (2 periampullary, 1 gallbladder); 3 
(1.5%) from skin; 2 (1.0%) from salivary gland (1 parotid 
and 1 submandibular); and 1 (0.5%) from the testis. 


Cytologic Preparation 


The 206 cytologic specimens included 110 (52.995) fine- 
needle aspirates, 29 (13.9%) scrapes, 11 (5.3%) crush 
preparations, and 4 (1.995) imprints. The remaining 52 
(26.0%) were nonaspirated specimens for which the exact 
method of sampling was not further specified. 


Scores for Accuracy of Diagnosis 


The points scored for diagnostic accuracy with each 
technique are shown in Table | and Figure 2. By any 
single observer, fewer than 3% of cases were incorrect re- 
garding classification as benign versus malignant. There 
was no significant difference in diagnostic accuracy be- 
tween cytologic findings and the better FS score when all 
206 cases were considered cumulatively (P = 0.35, Wil- 
coxon matched-pairs signed-ranks test) or any specific site 
that was examined was considered. 

Among the total of 206 cases, there were 14 accuracy 
scores of 0 points from 11 cases, as shown in Table 2. 
Five of these 14 were obtained by cytologic examination, 
six by FS-1, and three by FS-2. Only one case was given 
a score of 0 by all three observers. In each of the other 
cases in which cytologic preparations were scored as 0, 
the better FS score was 2 points. Similarly, for each of the 
other instances in which FS was scored as 0, the cytologic 
specimen was scored as 2 points. 

There were 19 instances in which the diagnostic ac- 
curacy score was 1 point; 5 of these results were obtained 
by cytologic examination, 5 by FS-1, and 9 by FS-2. The 
specifics of these cases are presented in Table 3. 

In total, there were four true sampling errors in the 
study group; two were cytologic preparations and two 
cases were FS samples (see Table 2). Both cytologic spec- 
imens were scrape samples. FS was diagnostic in both, 
with the better FS score being 2 points in each. The cases 
involving FS true sampling errors both were diagnosed 
correctly by FNA cytologic examination. 

Ten diagnoses were deferred until permanent histologic 
sections were prepared (see Table 3). Three of these con- 
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TABLE 1. DIAGNOSTIC ACCURACY SCORES 
FOR EACH OBSERVER 


Diagnostic Accuracy Scores 


Percentage 
Cytology: ES-1: FS-2: Better FS: 
Point Score No. of No. of No. of No. of 
(see text) Cases (00) ^ Cases (95) ^ Cases (95) Cases (96) 
80 r- 
0 5 (2.4) 6 (2.9) 3 (1.5) 2 (1.0) 
1 5 (2.4) 5 (2.4) 10 (4.8) 6 (2.9) 60 |- 
2 196 (95.2) 195 (94.7) 193 (93.7) 198 (96.1) 


Totals 206 (100) 206 (100) 206 (100) 206 (100) 





cerned cytologic specimens, compared with two by FS-1 
and five by FS-2. 


Specimen Quality Scores 


The results of assessments of specimen quality are listed 
in Table 4. With the use of the sign test, cytologic ex- 
amination was shown to be significantly superior to FS 
analysis (considering “better FS" values) when all 206 
cases were considered cumulatively (P = 0.0001). When 
each specific site was evaluated, cytologic preparations of 
lymph nodes were of significantly better quality than FSs 
(P — 0.013, sign test). There were no significant differences 
in specimen quality in comparisons ofthe two techniques 
performed on specimens from any of the other specific 
sites, although the size of many of these site-specific groups 
was small. 


DISCUSSION 


Both FS and cytologic studies have been validated as 
acceptable techniques for the examination of intraoper- 





UR HAC UC 


O points i point 2 points 


EN Cytology MAS Frozen Section 


Fic. 2. Histogram showing number of cases scoring 0, !, and 2 points 
for diagnostic accuracy by cytology and by frozen section (see text). 


ative pathologic specimens. Each has its own merits and 
limitations. FS provides a display of tissue architecture 
that most closely approximates that of permanent histo- 
logic sections, enabling a degree of “comfort” for histo- 
pathologists in FS interpretation. In contrast, many ob- 
servers are reluctant to assess cytologic smears. which do 
not reflect tissue architectural patterns as completely. 

It is well recognized, however, that the freezing and 
sectioning techniques of FS result in unavoidable distor- 
tion and degeneration of tissue, rendering diagnosis dif- 
ficult in many instances. Perhaps the greatest advantage 
of cytologic examination is the avoidance of such artifacts, 
resulting in superb nuclear and cytoplasmic detail. Min- 
imal tissue is needed for cytologic examination; therefore, 
diagnosis of very small lesions is facilitated and tissue is 


TABLE 2. CASES WITH A DIAGNOSTIC SCORE OF ZERO 


Cytology 
Site Final Diagnosis Score FS-1 Score FS-2 Score 
Breast Infiltrating duct carcinoma 0* Of OF 
Breast Infiltrating duct carcinoma OT 2 2 
Chest wall Invasive duct carcinoma Ot 2 2 
Lymph node HIV-associated lymphadenopathy 0* 2 l 
Ovary Corpus luteal cyst 0* 2 2 
Arm Malignant schwannoma 2 0* 2 
Humerus Organizing hematoma 2 0* l 
Lung Carcinoid 2 0* 0* 
Ampulla of vatér Adenocarcinoma 2 Ot Ot 
Thyroid Minimally invasive follicular 2 0* 2 
carcinoma 
Bone Metastatic prostatic adenocarcinoma 2 2 0* 


* [nterpretative error. 


t True sampling error. 
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TABLE 3. CASES WITH A DIAGNOSTIC SCORE OF ONE 








Cytology 
Site Final Diagnosis Score F/S-1 Score F/S-2 Score 
Arm Malignant schwannoma I* 0 2 
Breast Colloid carcinoma 2 1 1 
Breast Fibrocystic disease l 2 2 
Breast Radial scar i 2 i? 
Breast Lobular carcinoma I" 2 2 
Lymph node Non-Hodgkin's lymphoma i* 2 2 
Lymph node HIV infection 0 2 \* 
Lymph node Reactive hyperplasia 2 I* I* 
Lymph node Non-Hodgkin's lymphoma 2 i* I* 
Brain Metastatic adenocarcinoma 2 I l 
Uterus Papillary serous adenocarcinoma 2 i 2 
Lung Small cell undifferentiated carcinoma 2 2 1” 
Retroperitoneum Paraganglioma 2 2 1" 
Humerus Organizing hematoma 2 0 l 
* Diagnosis deferred, 


saved for permanent sections and special studies (such as 
flow cytometry, hormone receptor assays, and electron 
microscopic examination). Certain tissues that can be ad- 
equately assessed cytologically cannot be studied by FS 
for technical reasons (e.g., bone, necrotic tissue, fat). 

Because of the advantages offered by cytologic exami- 
nation in intraoperative diagnosis, pathologists recently 
have refocused their attention on this technique as an 
adjunct to FS analysis. Articles comparing the two pro- 
cedures have appeared in the English literature with in- 
creasing frequency since the late 1960s. However, all 
of these are descriptive, rather than quantitative, statistical 
studies. All have shown cytologic examination to be useful 
in intraoperative evaluation of surgical specimens. No 
study has evaluated the degree of diagnostic accuracy that 
is possible with each technique or the quality of the spec- 
imens obtained with each of them. This study has ad- 
dressed both of these issues by means of semiquantitative 
point-scoring systems. 

Regarding specimen quality, cytologic examination 
yields significantly superior results (P = 0.0001) compared 
with FS analysis. In addition to crush, scrape, and imprint 
cytologic preparations, this study included cytologic eval- 
uations obtained by FNA. We believe that FNA produced 
the best-quality cytologic preparations. Scrapes occasion- 
ally resulted in increased cellular trauma, making inter- 
pretation more difficult, especially in the evaluation of 
lymph nodes and benign breast lesions in which the scrape 
technique induced an artifactual loss of cellular cohesion. 

In considering the degree of diagnostic accuracy, the 
data in this study show that the use of either FS or cytologic 
examination alone results in an acceptable rate of correct 


diagnoses, at least with regard to interpretations of benign 
versus malignant (97.6%). However, when the two tech- 
niques were considered together, this diagnostic figure rose 
to 99.5% because there was only 1 of 206 cases (0.5%) in 
which a correct diagnosis (benign vs. malignant) could 
not be established. 

Excluding the one case in which all three observers 
scored 0 points, FS analysis yielded an essentially or com- 
pletely correct diagnosis (score 2 points) in all instances 
in which cytologic interpretations were incorrect or non- 
specific (scores of 0 or 1). Similarly, excluding the same 
case, in all instances in which the FS diagnosis was in- 
correct or nonspecific, the cytologic findings were essen- 
tially or completely correct. 

In considering all correct diagnoses (score 2), there were 
16 cases in which the cytologic diagnoses were essentially 
correct when the diagnosis of the "better FS" was com- 
pletely correct. Eight of these (50%) were cytologic diag- 
noses of mammary tissues in which an error occurred 
either between a diagnosis of fibroadenoma versus fibro- 
cystic disease, or in the specific type of carcinoma that 


TABLE 4. SCORES OF SPECIMEN QUALITY 


Points Cytology: F/S-1: F/S-2: Better F/S: 
(see No. of No. of No. of No. of 
text) Cases (9b) Cases (96) Cases (96) Cases (96) 

0 1 (0.5) 4 (1.9) 1 (0.5) 1 (0.5) 

I 28 (13.6) 114 (55.3) 80 (38.8) 65 (31.6) 

2 177 (85) 88 (42.7) 125 (60.7) 140 (68.0) 
Totals 206 (100) 206 (100) 206 (100) 206 (100) 
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was diagnosed in malignant lesions. In breast cytologic 
preparations, the findings of a small absolute tumor cell 
size and the presence of signet-ring cells (with or without 
eosinophilic intracytoplasmic inclusions) have been pro- 
moted as criteria suggesting lobular rather than ductal 
carcinoma. However, in samples from six proven ductal 
carcinomas in this study, both of these features were pres- 
ent in most cells that were examined. It is thus apparent 
that these features are not pathognomonic for lobular car- 
cinoma of the breast. 

Overall, ten diagnoses were deferred, three by cytologic 
examination and seven by FS analysis. Six of the ten (60%) 
were lymph nodes deferred for suspected lymphoma. Only 
one of these six was deferred on the basis of cytologic 
findings. Of the three cases deferred by cytologic results, 
one was handled in this way because of very poor cellu- 
larity (such that specimen quality was scored as 0 points). 
The other two cases were difficult diagnostic problems. 
All seven cases deferred on the basis of FS analysis were 
difficult diagnostic problems. In all cases in which diag- 
nosis was deferred by any observer, an essentially correct 
interpretation still was obtained by one or the other tech- 
nique. 

In considering the four examples of true sampling er- 
rors, it is interesting to note that the two cytologic samples 
were both scrapes (i.e., examinations of a single cut surface 
of tissues, as opposed to the more thorough examination 
of overall specimen volume that is achieved by FNA). 
Furthermore, both cases involving FS sampling errors 
were diagnosed correctly with the use of FNA cytologic 
examination. These findings suggest that FNA allows for 
superior diagnostic sensitivity by allowing maximal tissue 
sampling. This is expected to be especially true in cases 
of microscopic, grossly inapparent lesions. Additional 
studies addressing this issue must be performed to deter- 
mine whether there is a significant difference in diagnostic 
accuracy between FNA and other cytologic methods. 

In certain individual cases, either FS or cytologic anal- 
ysis proved to be particularly advantageous in the estab- 
lishment of a correct diagnosis. In one adenocarcinoma 
of the lung that was diagnosed by both FS analysis and 
FNA, numerous asbestos bodies were seen in the cytologic 
smears. None was seen on the FS or permanent hema- 
toxylin and eosin-stained sections. The cytologic prepa- 
ration prompted the ordering of iron stains, which con- 
firmed the presence of ferruginous bodies in tissue sec- 
tions. 

During the course of case collection for this study, some 
specimens could not be prepared for FS. These included 
two ductal breast carcinomas (which were too small to 
allow for FSs as well as permanent sections, flow cytom- 


etry, and hormone receptor analyses), one case of fat ne- 
crosis (which was too friable to section suitably), and two 
specimens of bone fragments (which could not be sec- 
tioned before decalcification). In an additional case, the 
specimen consisted of swabs from a septic site, and only 
smears could be performed. Cytologic examination alone 
was undertaken in all of these cases, and it yielded an 
essentially correct diagnosis in all of them. Cytologic 
smears in this study required an average of 2 minutes to 
prepare, compared with a 10-minute mean time for FS 
preparation. This proved advantageous, especially when 
numerous lymph nodes were received simultaneously for 
cancer staging procedures. The pathologist interpreted the 
cytologic specimen while waiting for the FS slides to be 
prepared; thus, neither procedure required additional 
professional time or increased overall turnaround time. 

Frozen-section analysis was particularly helpful in one 
unexpected case of human immunodeficiency virus (HIV) 
infection in a lymph node. The numerous activated im- 
munoblasts in this specimen were misinterpreted by cy- 
tologic examination as reflecting the presence of Hodg- 
kin's lymphoma versus peripheral T-cell lymphoma. With 
the use of FS analysis, a benign reactive architectural pat- 
tern was apparent. 


CONCLUSIONS 


Using a semiquantitative point score system, this study 
compared the degree of diagnostic accuracy and specimen 
quality in FS and intraoperative cytologic preparations. 
Two hundred six surgical specimens were evaluated. Cy- 
tologic preparations were found to be significantly superior 
with respect to specimen quality (P = 0.0001). In consid- 
ering diagnostic accuracy, there was no significant differ- 
ence between the two techniques (P = 0.35). Each method 
alone allowed for a correct diagnosis (at least with regard 
to benign vs. malignant status) in at least 97.6% of cases. 
However, when both techniques were combined, this fig- 
ure increased to almost 100% (205 of 206 cases). This 
result shows that cytologic and FS analysis are comple- 
mentary rather than competitive techniques, which, when 
used as adjuncts to one another, offer the greatest oppor- 
tunity for establishing a correct diagnosis. FS examination 
is the traditional mainstay of intraoperative surgical pa- 
thology. However, because cytologic examination neither 
adds significantly to the time needed for FS preparation 
nor imposes excessive additional demands on a routine 
anatomic pathology laboratory (in terms of equipment, 
stains, and personnel), we advocate the simultaneous use 
of FS and cytologic studies in the intraoperative evaluation 
of surgical specimens. 
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Anaplastic Thyroid Carcinoma 
Immunocytochemical Study of 32 Cases 


NELSON G. ORDONEZ, M.D.,! ADEL K. EL-NAGGAR, M.D.,! ROBERT C. HICKEY, M.D.’ 
AND NAGUIB A. SAMAAN, M.D., PH.D., F.R.C.P 


To study the histogenesis of and determine the most useful 
markers for diagnosing anaplastic thyroid carcinoma (ATC), 32 
cases, including 2 with numerous osteoclast-like cells, were 
stained with a battery of antibodies to epithelial (keratin, epi- 
thelial membrane antigen [EMA], carcinoembryonic antigen 
[CEAp, mesenchymal (vimentin, desmin, muscle-specific actin 
IMSA], Factor Vili-related antigen [FVIII:RAg]), endocrine 
(thyroglobulin, calcitonin, chromogranin [Cg]), lymphocytic 
(leukocyte common antigen [LCA]), histiocytic (alpha-1-anti- 
trypsin [a1 AT], alpha-1-antichymotrypsin [o1 AChy], KP1), me- 
lanocytic (HIMIB-45), and Schwann cell (S-100 protein) mark- 
ers, Five tumors were associated with papillary carcinoma. In 
one of these cases, a morphologic continuum between the well- 
differentiated carcinoma and the ATC was visualized by their 
positive immunostaining for both vimentin and keratin, thus 
supporting the hypothesis that the latter tumor originated from 
the former. Twenty-five (78.1%) tumors expressed keratin, 10 
(31.3%) reacted for EMA, and 3 (9.4%) expressed CEA, con- 
firming the epithelial nature of this neoplasm. Reactivity for 
thyroglobulin was seen in a small number of cells in five (15.6%) 
ATCS. Because all ofthe cases that expressed keratin also stained 


The histogenesis of anaplastic thyroid carcinoma (ATC) 
has been a subject of controversy in the literature. Some 
studies, ^? particularly those from Europe, have indicated 
that many of these tumors represent thyroid sarcomas, 
whereas other studies^? have demonstrated that they are 
indeed carcinomas. Some authors suggested that the large 
majority of ATCs originate from C cells and are, therefore, 
medullary carcinomas.!?'!! Currently, however, most pa- 
thologists agree that ATCS arise from follicular epithelial 
cells, probably by transformation of a preexisting well- 
differentiated carcinoma, ^? 
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positively for EMA, CEA, or thyroglobulin, it is believed that 
keratin is the most useful epithelial marker for diagnosis of ATC. 
A lack of reactivity for calcitonin and Cg indicates that these 
tumors are not derived from C cells, as has been proposed by 
some authors. Reactivity for KP1 (CD68), a monoclonal antibody 
that reacts with a macrophage-associated antigen, occurred in 
the osteoclast-like cells but not in the anaplastic tumor cells. 
This finding, together with negative keratin staining of the os- 
teoclast-like cells, indicates that these cells are not epithelial in 
nature and therefore should be considered reactive rather than 
neoplastic. Thirty tumors (93.8%) expressed vimentin, 15 
(46.9%) marked for ai AChy, 11 (34.4%) exhibited al AT, and 
11 (34.4%) expressed S-100 protein. Because all of these markers 
can be seen in a wide variety of tumors of different histogeneses, 
they have no value in the diagnosis of ATC. Although immu- 
nostaining for FVITI:RAg, desmin, and MSA was negative in all 
of these tumors, these markers can help to differentiate between 
ATCs and some soft tissue sarcomas with which they can be 
confused. (Key words: Anaplastic thyroid carcinoma; Thyroid 
gland; Immunocytochemistry; Osteoclast) Am J Clin Pathol 
1991;96:15-24 


Anaplastic thyroid carcinomas can present different 
histologic patterns. They may be composed of spindle 
cells arranged in interlacing fascicles or in storiform arrays; 
they also may be formed by poorly cohesive giant cells 
with abundant cytoplasm and eccentric nuclei or by solid 
groups of cells with squamoid features.*’?! Because of 
this wide range of morphologic patterns, ATCs can be 
confused with various types of sarcomas, as well as with 
some other carcinomas, melanomas, and large cell lym- 
phomas. Occasionally, large cell ATCs may contain nu- 
merous osteoclast-like giant cells. Whether these cells are 
neoplastic or reactive stromal cells also has been a subject 
of debate in the literature. This article reports our 
experience with 32 cases of ATC, including 2 with nu- 
merous osteoclast-like cells, using a large panel of anti- 
bodies directed to different cell markers. These were se- 
lected to determine the best choice of markers to assist 
the pathologist in distinguishing such tumors from other 
poorly differentiated neoplasms with which they can be 
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confused, to obtain a better understanding of the histo- 
pathogenesis of these tumors, and to elucidate the nature 
of the osteoclast-like cells in ATC. 


MATERIALS AND METHODS 


Thirty-two cases of ATC, in which sufficient material 
for immunohistochemical studies was available, were se- 
lected from the files of the Department of Pathology, The 
University of Texas M. D. Anderson Cancer Center. He- 
matoxylin and eosin-stained slides were reviewed in all 
cases, and the histologic patterns of the tumors were clas- 
sified as follows, according to a modified version of the 
criteria of Carcangiu and associates: (1) spindle cell— 
tumors composed predominantly of spindle cells resem- 
bling fibrosarcoma or malignant fibrous histiocytoma; (2) 
giant cell —tumors made up of large pleomorphic cells 
often lining bizarre, sometimes multiple, hyperchromatic 
nuclei with abundant eosinophilic cytoplasm; (3) squa- 
moid—tumors with areas resembling nonkeratinizing 
squamous carcinoma; and (4) mixed—tumors with two 
or more of the previous patterns. 


Immunocytochemical studies were performed on for- 
malin-fixed, paraffin-embedded tissue sections with the 
use of the avidin-biotin-peroxidase complex (ABC) 
method of Hsu and associates." The specimens were cut 
at 3-4 um thickness, deparaffinized in xylene, and rehy- 
drated in descending grades of ethanol (100-7090). To 
enhance the immunostaining with some antibodies, the 
sections were digested with 0.1% protease (type XIV; 
Sigma Chemical Company, St. Louis, MO) in phosphate- 
buffered saline, pH 7.6, for 30 minutes; for the remaining 
antibodies, this step was omitted because the enzymatic 
treatment produced a detrimental effect on final immu- 
nostaining results. The use of digestion 1s specified ac- 
cording to antibody in Table 1. 

Endogenous peroxidase activity was blocked by a 10- 
minute treatment with 3% hydrogen peroxide in absolute 
methanol. Sections then were incubated in a humid 
chamber with the primary antibodies (Table 1) for one 
hour at room temperature. This procedure was followed 
by immunoperoxidase staining with the use of ABC Elite? 
kits (Vector Laboratories, Burlingame, CA). To minimize 
background staining, preincubation with normal horse 


TABLE 1. PRIMARY ANTIBODIES, THEIR SOURCES, DILUTIONS, AND ENZYMATIC TREAMENTS 








Enzymatic 
Antibody Source Dilution Digestion 
Antivimentin MoAb DAKO Corporation 1:25 No 
Santa Barbara, CA 
Anti-CEA MoAb Hybritech Inc. 1:1,000 No 
San Diego, CA 
Anti-EMA MoAb DAKO Corporation 1:20 Yes 
AE1/AE3 keratin MoAb? Boehringer Mannheim 1:300 Yes 
(broad range of type I and type Indianapolis, IN 
II keratins) 
CAM 5.2 keratin MoAb?’ Becton Dickinson 12 Yes 
(39, 43, 50 kDa) Mountain View, CA 
348H11 keratin MoAb?5?? Enzo Biochem 1:2,000 Yes 
(45, 52 kDa) New York, NY 
35BE12 keratin MoAb??? Enzo Biochem 1:2,000 Yes 
(57, 66 kDa) 
Rabbit antithyroglobulin Ortho Diagnostics 1:3 No 
Raritan, NJ 
Antithyroglobulin MoAb Medica 1:10 No 
Carlsbad, CA 
MSA (HHF35 MoAb)? Enzo Biochem 1:800 No 
Rabbit anticalcitonin Immunonuclear 1:2,000 No 
Stillwater, MN 
Rabbit anti-FVIII:RAg DAKO Corporation 1:200 Yes 
Antidesmin MoAb DAKO Corporation 1:10 Yes 
Rabbit anti-S-100 protein DAKO Corporation 1:700 No 
Rabbit anti-alAT DAKO Corporation 1:4,000 Yes 
Rabbit anti-al AChy DAKO Corporation 1:2,000 Yes 
Chromogranin A (KL2H10 Boehringer Mannheim 1:40 No 
MAb)?! 
KP1 MoAb (CD68)” DAKO Corporation 1:500 Yes 
HMB-45 MoAb” Enzo Biochem 1:750 Yes 
Leukocyte common antigen DAKO Corporation 1:40 Yes 


MoAb = monoclonal antibody; CEA = carcinoembryonic antigen; EMA = epithelial membrane 


antigen; MSA = muscle specific actin; FVIH:RAg = Factor VIll-related antigen; al AT = alpha- 
L-antitrypsin; «1AChy = alpha-l-antichymotrypsin. 
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serum was used for monoclonal antibodies and normal 
goat serum was employed for polyclonal antibodies (1:10 
dilution). Immunostains were developed with the use of 
3-amino-9-ethylcarbazole as chromogen. The slides were 
counterstained with Mayer’s hematoxylin. To evaluate 
the specificity of the antibodies, known positive and neg- 
ative tissues were used as controls. Details of the immu- 
nostaining procedure have been described elsewhere.” 


RESULTS 
Light Microscopy 


Of the 32 cases, 18 showed a single histologic pattern 
(8 giant cell, 6 squamoid, and 4 spindle). Thirteen of the 
remaining cases were composed of a mixture of spindle 
and giant cells, whereas the last case had squamoid areas 
in addition to spindle and giant cells. Two of the tumors 
that contained a large population of multinucleated os- 
teoclast-like giant cells were included in the mixed group 
because the anaplastic cells presented spindle and large 
cell morphology. Five cases (three giant cell and two mixed 
spindle and giant cell) were associated with a papillary 
carcinoma of the thyroid. 


Immunocytochemistry 


Table 2 summarizes the immunostaining results for 
the different antibodies used in this study. Twenty-seven 
(84.3%) of the 32 tumors reacted for keratin. The largest 


number of these positive cases (25 cases) were labeled 
with the use of a “cocktail” of AEI/AE3 monoclonal an- 
tibodies that recognizes a wide range of high and low mo- 
lecular weight keratins. This was followed by CAM 5.2 
(23 cases) and 348H 11, (22 cases) two monoclonal anti- 
bodies that react with low molecular weight (acidic) ker- 
atin polypeptides. Only 11 cases stained with the 358E12 
antibody, which recognizes high molecular weight (basic) 
keratins. Although all tumors with a squamoid pattern 
reacted with this antibody, it appeared to be much less 
sensitive in staining neoplasms with other histologic pat- 
terns (Fig. 1). In contrast, other antibodies did not appear 
to show a marked preference for tumors with any partic- 
ular histologic pattern. 

Thirty tumors expressed vimentin, and 25 (75.3%) 
coexpressed vimentin and keratin. In most cases, this 
coexpression occurred not only in the same tumors, but 
also in the same cells. The staining was distributed evenly 
throughout the cytoplasm, but in three tumors it assumed 
the form of paranuclear globoid inclusions. One of the 
tumors, which was associated with a papillary carcinoma 
ofthe thyroid, reacted for vimentin and keratin in a similar 
staining pattern as that seen in the anaplastic carcinoma 
(Figs. 2 and 3). 

Only ten tumors reacted for epithelial membrane an- 
tigen (EMA). The staining in these cases was strongest 


TABLE 2. IMMUNOCYTOCHEMICAL RESULTS FOR 32 CASES OF ANAPLASTIC THYROID CARCINOMA 


Gíant Cell 
Antibody (n = 8) 
AE1/AE3 antikeratin 5 3 
348H11 antikeratin 6 2 
CAM 5.2 antikeratin 5 2 
358E12 antikeratin 0 i 
Antivimentin 8 4 
Anti-alAT 3 2 
Anti-al AChy 3 3 
Anti-CEA 0 0 
Anti-EMA 0 0 
Antithyroglobulin (MoAb) à j 
Antithyroglobulin (PAb) 3 l 
Anti-S-100 3 2 


alAT = alpha-1-antitrypsin; al AChy = alpha-!-antichymotrypsin; CEA = carcinoembryonic 


Spindle 
(n = 4) 


Histologic Pattern 
Squamoid Mixed 
(n = 6) (n = 13) Total 
6 il 29 
(78.1%) 
6 10 24 
(75%) 
6 10 32 
(71.9%) 
6 4 II 
(34.4%) 
5 13 30 
(93.8%) 
l 5 l! 
(34.4%) 
2 7 15 
(46.990) 
2 l 3 
(9.4%) 
5 5 10 
(31.3%) 
0 i 5 
(15.696) 
0 0 4 
(12.5%) 
l 5 11 
(34.495) 


antigen; EMA = epithelial membrane antigen; MoAb = monoclonal antibody; PAb = polyclonal 
antibody. 
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Fic. 1 (upper). Anaplastic carcinoma stained with 35GE12 antikeratin antibody showing positive reactivity in squamoid areas of the tumor. Avidin- 
biotin-peroxidase complex (X300). 


FiG. 2 (lower). A. Papillary carcinoma of the thyroid showing paranuclear reactivity for vimentin. B. Anaplastic carcinoma area reacting for vimentin 
(top). Portion of the papillary carcinoma is seen at the bottom of this figure. Avidin-biotin-peroxidase complex: A, (X100); B, (X150). 
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Fic. 3. Same case as shown in Figure 2 stained 
for vimentin. A. Early papillary proliferation 
showing paranuclear reactivity. B. Small clusters 
of follicular cells (upper right) having similar 
paranuclear staining pattern as that of the small 
anaplastic carcinoma (center). C. Area of poorly 
cohesive anaplastic carcinoma cells displaying 
numerous paranuclear globoid-like inclusions 
reacting for vimentin. Avidin-biotin-peroxidase 
complex: A, B, and C (X250). 
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along the cell membrane (Fig. 4). All tumors that were 
labeled for EMA also expressed keratin. The intensity of 
the staining was stronger for keratin than for EMA. Three 
tumors (two squamoid and one mixed) reacted for car- 
cinoembryonic antigen (CEA). 

Five tumors expressed thyroglobulin in 1-5% of the 
tumor cells. Four of these lesions reacted with both of the 
antithyroglobulin antibodies used in this study. Serial 
sections in such cases did not disclose the presence of 
entrapped normal thyroid cells or well-differentiated thy- 
roid carcinoma. 

Eleven tumors stained positively for S-100 protein. 
Reactivity was observed in the cytoplasm and nuclei of 
the cells. In two of these cases, S-100 was expressed in 
more than 80% of the cells, whereas staining was focal in 
the remaining cases. 

Eleven cases reacted for alpha-l-antitrypsin (alAT), 
and 15 expressed alpha-1-antichymotrypsin (a1AChy). 
No preference was noticed for a particular type of histo- 
logic pattern with either of these markers. 

The KP1 monoclonal antibody produced strong and 
uniformly positive staining of the multinucleated osteo- 
clast-like cells, whereas it only focally stained mononu- 
clear and binucleated cells with bland cytologic features; 
it did not react with anaplastic spindle or giant cells, nor- 
mal thyroid epithelium, or papillary carcinoma cells (Fig. 
5). A few osteoclast-like cells also were labeled weakly for 
vimentin, a1AT, and al AChy but did not stain for S-100 
protein, keratin, EMA, or CEA. None of the tumors ex- 
pressed calcitonin, chromogranin A, desmin, muscle-spe- 
cific actin (MSA), Factor VIII-related antigen (FVIII: 
RAg), or leukocyte common antigen (LCA), nor did they 
stain with the HMB-45 monoclonal antibody. 


DISCUSSION 


Five (15.6%) of the 32 anaplastic tumors were associated 
with papillary carcinoma of the thyroid. This incidence, 
although somewhat low, falls within the range (8.595 to 
809579) that has been reported in the literature regarding 
the association of anaplastic carcinoma with a well-dif- 
ferentiated form of thyroid cancer. The fact that a signif- 
icant number of anaplastic carcinomas are associated with 
well-differentiated tumors has led some authors to pos- 
tulate that ATC originates from a well-differentiated thy- 
roid carcinoma.'*!*-'*° The demonstration in our study 
of a continuous spectrum of morphologic changes and 
the likeness in the distribution of intermediate filaments 
in anaplastic carcinoma with those seen in the papillary 
tumor strongly support this hypothesis. 

The results of this study indicate that—from a practical 
point of view—keratin is the most useful marker for di- 
agnosing anaplastic carcinoma. We demonstrated reac- 


tivity for this marker in 25 (78.1%) of the 32 tumors. 
These results agree with those of other investigators who 
have demonstrated keratin expression in 40-100% of 
cases,?9?57 The wide range of results between series could 
result from differences in fixation procedures, use of pro- 
teolytic enzymatic treatment of the specimens to enhance 
keratin immunostaining, or differences in the spectrum 
of reactivity of antibodies that recognize different keratin 
polypeptides. We could not demonstrate reactivity for 
keratin in seven cases, despite prolonged proteolytic 
digestion of the tissues. Histologically, these tumors were 
similar to those staining for keratin. Although we cannot 
be certain as to what caused the negative immunostaining 
results, the observation that four cases showed entrapped 
follicular cells that reacted only weakly for this marker 
indicates that the negative results could be attributed, at 
least in part, to overfixation of the tissues. It is known 
that formalin reduces the immunoreactivity of keratin 
and that prolonged fixation may result in negative im- 
munostaining for this cytoskeletal protein. 

Although one cannot exclude the possibility that some 
of these cases may represent another type of anaplastic 
tumor, the fact that none of the tumors reacted for LCA, 
HMB-45, FVIIERAg, desmin, or MSA and the knowledge 
that they presented clinically as rapidly growing thyroid 
tumors are indications that these cases were, indeed, car- 
cinomas. Sarcomas of the thyroid are extremely rare, with 
the possible exception of angiosarcomas, which appear to 
occur endemically in some Alpine areas.??? 

In this study, we found that antibodies that react with 
low molecular weight keratins stained the largest number 
of tumors, regardless of their histologic pattern. Antibodies 
directed to high molecular weight keratins were less sen- 
sitive and had a tendency to react more frequently with 
tumors displaying a squamoid pattern. Keratin and vi- 
mentin coexpression was not surprising because it has 
been reported in normal thyroid epithelial cells.?? In this 
series, we demonstrated coexpression of these intermediate 
filaments in approximately two-thirds of the cases; such 
results are comparable to those reported by others (17.5- 
10095).59?-*! Coexpression of keratin and vimentin may 
occur in a wide variety of carcinomas originating in dif- 
ferent sites, especially tumors with sarcomatoid fea- 
tures. ^^^ 

Only a relatively small number of tumors reacted for 
EMA and CEA. The fact that ail tumors that stained pos- 
itively for these markers also expressed keratin is an in- 
dication that both markers have rather limited value in 
the diagnosis of ATC. Furthermore, because some large 
cell lymphomas may express EMA,“** we believe that 
positive immunostaining for this marker should be inter- 
preted with caution in those cases in which the possibility 
of an anaplastic large cell lymphoma is considered in the 
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FIG. 4 (lefi). Anaplastic carcinoma showing peripheral staining pattern for epithelial membrane antigen. Avidin-biotin-peroxidase complex « Xx 300). 


FIG. 5 (right). Tumor staining preparation showing numerous osteoclast-like and sparse mononuclear cells reacting with KP] monoclona: antibody. 


Avidin-biotin-peroxidase complex (X300). 


differential diagnosis. In this context, immunostaining for 
keratin and LCA may aid in confirming the epithelial 
nature of the tumor. 

[n contrast to keratin, the value of thyroglobulin in the 
diagnosis of ATC has been a source of continuous con- 
troversy. Some studies reported that as many as 70% of 
ATCs express this marker, **??^9-*? whereas others have 
been unable to find thyroglobulin reactivity in any 
cases.^^* The cause of these discrepancies is not completely 
clear. In a recent study, de Micco and associates"! indi- 
cated that the type of antibody used was the main source 
of such disagreement. They obtained reactivity for thy- 
roglobulin in 17% of anaplastic carcinomas stained with 
a polyclonal antibody and with one monoclonal antibody, 
whereas 50-70% of the same cases reacted with another 
three antithyroglobulin monoclonal antibodies. Only a 
small number of tumors in the current series reacted for 
thyroglobulin. The staining in all of these cases was weak 
and limited to a few tumor cells. Therefore, our results 


appear to support those studies indicating that thyroglob- 
ulin is a poor immunocytochemical marker for anaplastic 
carcinoma, at least with the antibodies we employed." ^^" 

Some series'?!! indicated that most anaplastic carci- 
nomas express calcitonin and are, therefore, a variant of 
medullary carcinoma. However, the uniform negativity 
of our cases for calcitonin and chromogranin fails to sup- 
port a C-cell origin for anaplastic carcinomas. We should 
mention that medullary carcinoma of the thyroid pre- 
senting an anaplastic large cell pattern may indeed occur, 
although, in our experience, this occurrence is extremely 
rare. Among 200 cases of medullary thyroid carcinoma 
studied at this institution, we have seen only one example 
of such a tumor (unpublished observation). 

Large numbers of osteoclast-like cells characterized two 
of the tumors in this series; but this type of pattern is 
uncommon. In 1983, Esmaili and associates" found only 
21 such cases in the literature. The nature of the osteoclast- 
like giant cells has been debated for some time. Some 
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authors ^^^?! consider them to be benign reactive cells of 
histiocytic origin; however, others^??*?? believe that the 
cells have an epithelial origin and are, therefore, malignant 
because they also can be found in blood vessels near the 
tumor and in metastatic sites.?? 

The observation that the osteoclast-like multinucleated 
giant cells in our cases reacted with the KP! monoclonal 
antibody, but not with any of the antikeratin antibodies, 
Is conclusive evidence against an epithelial origin for these 
cells. KPI is a recently developed monoclonal antibody 
directed against a lysosomal fraction of human lung mac- 
rophages that recognizes a fixative-resistant antigen pres- 
ent in a wide variety of tissue macrophages" (designated 
antigen CD68 by the Fourth Workshop on Human Leu- 
kocyte Differentiation Antigens held in Vienna in 198954). 
In contrast to other “histiocytic” markers, such as alAT 
and alAChy, KP1 is highly specific for histiocytic cells. 
The finding that a number of mononuclear and binu- 
cleated cells with bland histologic features also reacted 
with this antibody suggests that the multinucleated giant 
cells may have been formed by a coalescence of such cells. 

Some authors?^^ have indicated that alAT and 
alAChy are two “histiocytic” markers that can be used 
to differentiate malignant fibrous histiocytoma (MFH) 
from other neoplasms. Our finding that these markers 
were expressed in a relatively large number of tumors, 
regardless of their histopathologic patterns, confirms the 
results of other studies that indicate these markers are not 
specific for histiocytes. Because of their distribution in a 
wide variety of carcinomas, sarcomas, lymphomas, and 
melanomas, they have limited practical use in the diag- 
nosis of neoplastic conditions.^ ^? 

The demonstration of S-100 protein in roughly one- 
third of the cases was interesting. This observation is im- 
portant because this marker often is used to support a 
diagnosis of melanoma, which can exhibit a histologic 
pattern that is similar to that of ATC. None of these cases 
stained with HMB-45, a monoclonal antibody that reacts 
with the large majority of melanomas. In our experience,>” 
as well as that of others," HMB-45 is extremely helpful 
in the diagnosis of melanoma. 

None of the tumors in this series reacted for any muscle 
markers (desmin and MSA). These results indicate that 
antibodies against desmin and MSA can help distinguish 
anaplastic carcinomas from leiomyosarcomas, rhabdo- 
myosarcomas, and MFHs; all of which are tumors with 
which anaplastic carcinoma may be confused. In our ex- 
perience, as well as that of others,^^" leiomyosarcomas 
and rhabdomyosarcomas usually react strongly for desmin 
and with the HHF35 monoclonal antibody, which rec- 
ognizes cardiac, smooth, and skeletal muscle actins. In 
addition, because MSA and desmin can be expressed fo- 


cally in a number of MFHs,°'*? immunostaining for these 
markers could be helpful in differentiating some MFHs 
from ATCs. 

In conclusion, immunocytochemistry represents an 
extremely helpful ancillary method in the histopathologic 
diagnosis of ATC. Based on the results of this study, ker- 
atin is the most useful tissue marker for the recognition 
of this tumor, whereas, in our experience, CEA and EMA 
have only limited diagnostic value. We could not confirm 
the results of previous studies indicating the utility of thy- 
roglobulin in the diagnosis of ATC. The finding of a mor- 
phologic continuum between well-differentiated carci- 
noma of the thyroid and anaplastic carcinoma, visualized 
by immunostaining for vimentin and keratin supports 
the hypothesis that the latter tumor originates by ana- 
plastic transformation (clonal evolution) of the former. 
Finally, the demonstration of a histiocyte/macrophage 
phenotype in osteoclast-like giant cells that are present in 
some anaplastic tumors provides proof that these cells are 
not neoplastic in nature. 
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The Human Hematopoietic Progenitor Cell 
Antigen (CD34) in Vascular Neoplasia 


S. THOMAS TRAWEEK, M.D., PATRICIA L. KANDALAFT, M.D., 
PARULA MEHTA, AND HECTOR BATTIFORA, M.D. 


The human hematopoietic progenitor cell antigem CD34 is syn- 
thesized and expressed by early normal hematopoietic progenitor 
cells and by many acute leukemias. Anti-CD34 antibodies also 
have been reported to stain blood vessels in tissue sections, and, 
more recently, CD34 mRNA has been detected in vascular en- 
dothelial cells. Therefore, the authors studied the diagnostic 
utility of immunohistochemical CD34 antigen detection in tumors 
of endothelial cell derivation and compared the results with stains 
for von Willebrand (vW) factor. A wide variety of epithelial and 
mesenchymal neoplasms also were examined to assess the spec- 
ificity of CD34 for vascular neoplasia. Seven cases of angiosar- 
coma (seven of seven), five cases of Kaposi’s sarcoma (five of 
five), and eight cases of epithelioid hemangioendothelioma (eight 
of eight) were moderately to strongly positive for CD34. This 
reactivity was equally intense in frozen sections, alcohol-fixed 
tissue, and formalin-fixed specimens. In many cases, the malig- 
nant endothelial cells stained more strongly than adjacent benign 
endothelium. Moreover, im most cases CD34 positivity was 


The CD34 antigen is an approximately 115-kD cell surface 
protein that is expressed selectively by human hemato- 
poietic (myeloid and lymphoid) progenitor cells.'-? To 
date, the diagnostic utility of CD34 antibodies primarily 
has involved the recognition of acute leukemias. Approx- 
imately 30-60% of acute leukemias are positive for CD34, 
and the expression of this antigen may have adverse prog- 
nostic significance in this setting.^^ The biochemical 
structure and partial amino acid sequence of the CD34 
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quantitatively and qualitatively stronger than staining for vW 
factor. Two cases of hemangiopericytoma (two of two) were CD34 
positive but stained less intensely than the angiosarcomas, Ka- 
posi’s sarcomas, or hemangioendotheliomas. Five of six cases 
of hemangioma also stained positively for CD34; the nonreactive 
tumor in this group was the only one among 28 vascular neo- 
plasms studied that was not reactive for CD34. In comparison, 
9 of the 28 vascular tumors did not stain for vW factor. Three 
hundred fifty-seven tumors of nonvascular derivation also were 
examined for CD34 antigen expression. Focal light staining was 
seen in one pulmonary squamous cell carcinoma; moderate to 
intense staining was observed in half of the epithelio:d sarcomas 
studied (8 of 16) and in a minority of leiomyosarcomas (3 of 22). 
These findings indicate that CD34 is a sensitive ard relatively 
specific marker for neoplasms of vascular origin. (Key words: 
CD34; Angiosarcoma; Kaposi's sarcoma; Vascular neoplasia) 
Am J Clin Pathol 1991;:96:25—31 


molecule have been described in detail,’ and the CD34 
gene has been mapped to chromosome 1q.5 However, thc 
exact role of the CD34 antigen in early hematopoiesis 
remains unclear. 

In addition to its presence in early human hemato- 
poietic cells, several studies have also demonstrated CD34 
antigen positivity in vascular endothelium.? ? More re- 
cently, expression of the CD34 gene in vascular endothe- 
lial cells has been documented.'’ In other analyses, cul- 
tured human umbilical vein endothelium preferentially 
expressed CD34 in a small subset of cells with the mor- 
phologic appearance of migrating cells.!* These findings 
suggest that CD34 may be expressed selectively in en- 
dothelial cells during angiogenesis. 

To test the utility of CD34 antigen expression as a d:- 
agnostic marker for vascular neoplasia, we have studied 
a variety of endothelial cell-derived tumors with a mono- 
clonal antibody to CD34 and compared these results with 
staining for the Factor VIII-related antigen, now known 
as von Willebrand (vW) factor. In addition, many tumo’s 
of nonvascular derivation also were studied for CD34 
reactivity. 
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MATERIALS AND METHODS 

Twenty-eight vascular tumors of various types were 
studied, as outlined in Table 1. Most cases were derived 
from the files of the Sylvia Cowan Surgical Pathology 
Laboratory and from the consultation files of one of the 
authors (H.B.). Dr. Jerome Taxy, of Lutheran General 
Hospital, Park Ridge, Illinois, contributed four cases. The 
tissues were fixed in neutral buffered formalin, embedded 
in paraffin, and stained with hematoxylin and eosin for 
routine histologic examination. In nine cases, B5-fixed, 
alcohol-fixed, or frozen tissue also was available for study. 
We reviewed all cases, and the original diagnosis was con- 
firmed with standard morphologic criteria. Supportive ul- 
trastructural studies were performed previously in seven 
cases. 

With the use of single-tumor and multitumor tissue 
blocks,” a variety of neoplasms of nonvascular origin also 
were examined for CD34 immunoreactivity, as outlined 
in Table 2. 


Immunohistochemical Studies 

In all cases, immunohistochemical studies were per- 
formed on either formalin-fixed or B5-fixed paraffin- 
embedded tissue sections. A modification of the avidin- 
biotin complex technique was used to identify CD34 and 


vW factor, as described previously. Trypsin digestion 
(0.1% for 30 minutes) preceded vW factor antibody stain- 
ing; no digestion was done before CD34 staining. Primary 
antibody incubations were performed overnight at 4 °C. 

Frozen tissue sections also were studied in five cases, 
and ethanol-fixed tissue sections were evaluated in two 
cases. For these studies, the period of primary antibody 
incubation with anti-CD34 was 30 minutes. 


Antibodies 


The antihuman progenitor cell antigen antibody (My- 
10; CD34) from Becton Dickinson (Mountain View, CA) 
was used at a dilution of 1/30. Monoclonal anti-vW factor 
antibody was purchased from DAKO (Santa Barbara, CA) 
and used at a dilution of 1/20. 


RESULTS 


The results of the immunohistochemical detection of 
the CD34 antigen in 28 cases of vascular neoplasia are 
summarized in Table 1. CD34 antigen positivity was de- 
tected in all cases except for one hemangioma. In general, 
the staining intensity of the neoplastic vascular endothe- 
lium was greater than that of adjacent normal endothelial 
cells in the same tissue sections. Furthermore, except in 


TABLE 1. CD34 AND vW FACTOR REACTIVITY IN VASCULAR TUMORS 


Case Tumor 

] Angiosarcoma 

2 Angiosarcoma 

3 Ángiosarcoma 

4 Angiosarcoma 

5 Angiosarcoma 

6 Angiosarcoma 

7 Angiosarcoma 

8 Kaposi’s sarcoma 

9 Kaposr's sarcoma 
10 Kaposi’s sarcoma 
lI Kaposi’s sarcoma 
12 Kaposi’s sarcoma 
13 Epithelioid hemangioendothelioma 
14 Epithelioid hemangioendothelioma 
15 Epithelioid hemangioendothelioma 
16 Epithelioid hemangioendothelioma 
17 Epitheloid hemangioendothelioma 
18 Epitheloid hemangioendothelioma 
19 Epitheloid hemangioendothelioma 
20 Epitheloid hemangioendothelioma 
21 Hemangiopericytoma 
22 Hemangiopericytoma 
23 Hemangioma 
24 Hemangioma 
25 Hemangioma 
26 Hemangioma 
27 Hemangioma 
28 Hemangioma 


Staining Intensity 


Site CD34 vW Factor 

Soft tissue, thigh F S 
Skin, hand EER = 
Breast ++ 4- 
Breast L4 + 
Skin, leg ++ + 
Skin, arm ++ SENA 
Skin, arm pg a 
Lymph node -+++ EE 
Stomach +++ -+ 
Lymph node +++ Æ 
Chest wall ++ du 
Lung +++ E 
Soft tissue, knee TER P" 
Soft tissue, neck da = 
Lymph node ++ + 
Bone t+ dede 
Liver +++ AE 
Breast +--+ ah 
Soft tissue, forearm ++ E 
Abdomen +++ a 
Meninges 4 dp 
Soft tissue, back + aie 
Skin +--+ J---4- 
Liver ge = 
Soft tissue, back + +++ 
Spleen + ddp 
Skin — +--+ 
Intramuscular sp ope 





+++ = Intense positive staining in the majority of neoplastic cells; ++ = light to moderate 
staining in the majority of neoplastic cells; + = light staining in a minority of neoplastic cells; — 


= no staining of neoplastic cells. 
In all cases, CD34 and vW Factor staining was seen in non-neoplastic endothelial cells. 
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TABLE 2. THE CD34 ANTIGEN IN TUMORS 
OF NON-VASCULAR ORIGIN 
ne ale EE UN NEU t LE 
Number of Positive 
Cases/ Number of 


Diagnosis Cases Studied 





Epithelial tumors 
Lung cancer 


Adenocarcinoma 0/13 
Oat cell carcinoma 0/10 
Squamous cell carcinoma 1/10 
Undifferentiated 0/6 
Liver cancer 
Hepatoma 0/28 
Cholangiocarcinoma 0/14 
Metastasis 0/16 
Breast duct carcinoma 0/49 
Colonic adenocarcinoma 0/24 
Thyroid papillary carcinoma 0/2 
Prostate carcinoma 0/5 
Renal cell carcinoma 0/3 
Ovarian carcinoma 0/2 
Pancreatic carcinoma 0/2 
Gastric carcinoma 0/2 
Mesothelioma 0/3 
Hodgkin's and non-Hodgkin's lymphoma 0/20 
Melanoma and clear cell sarcoma 0/33 
Mesenchymal tumors 
Epithelioid sarcoma 8/16 
Leiomyosarcoma 3/22 
Synovial sarcoma 0/17 
Rhabdomyosarcoma 0/10 
Ewings sarcoma 0/3 
Alveolar soft part sarcoma 0/2 
Malignant fibrous histiocytoma 0/5 
Liposarcoma 0/3 
Fibrosarcoma 0/3 
Undifferentiated spindle cell sarcoma 0/26 
Osteogenic sarcoma 0/1 
Schwannoma 0/4 
Malignant schwannoma 0/2 
Chondrosarcoma 0/1 
Total 12/357 





In all tumor samples, non-neoplastic endothelial cells were immuno-reactive with CD34. 


hemangiomas, staining of CD34 was often more intense 
and more widespread than that of vW factor. 

All seven cases of angiosarcoma were strongly positive 
for CD34 (Fig. 1). Frozen tissue sections, ethanol-fixed 
tissue sections. and formalin-fixed specimens from one 
case displayed similar staining intensity. Benign endothe- 
lial cells also stained positively for both CD34 and vW 
factor in all seven tumors. The neoplastic cells were labeled 
for vW factor in five of these cases; two of the angiosar- 
comas did not stain for this antigen. 

All five Kaposi's sarcomas showed strong CD34 antigen 
reactivity. In two cases in which frozen tissue was avail- 
able, the formalin-fixed tissue sections and the frozen tis- 
sue sections were equally positive. The one case in which 
BS-fixed tissue was available also was stained strongly. 
with no appreciable increase in background staining (Fig. 


2). As was seen in the angiosarcomas, staining of the ma- 
lignant cells in Kaposi's sarcoma was often stronger than 
that seen in adjacent benign endothelial cells. The neo- 
plastic cells in all five cases also stained positively for vW 
factor. However, in four of the five tumors, CD34 staining 
was distinctly stronger than vW factor reactivity. 

All eight epithelioid hemangioendotheliomas showed 
moderate to strong CD34 antigen positivity. Staining of 
intracytoplasmic lumina in the malignant cells was es- 
pecially evident (Fig. 3). Equally strong positive staining 
was seen in formalin-fixed and B5-fixed tissue in one case. 
Only four of the eight tumors was labeled for vW factor. 

Two hemangiopericytomas were examined. and the 
neoplastic cells in both cases stained positively for CD34. 
However, in contrast to the strong positivity seen in an- 
giosarcomas, Kaposi's sarcomas, and hemangicendothe- 
liomas, the staining intensity of the neoplastic cells in the 
hemangiopericytomas was weak. vW factor staming was 
also slight in one of these cases and negative in the other. 

CD34 staining in benign vascular neoplasms was varl- 
able. One of the hemangiomas examined was negative for 
CD34: this was the only CD34-nonreactive vascular tumor 
in the series. vW factor staining of the hemangiemas was 
also variable, but was stronger than that of CD34 in four 
cases. 

To test the specificity of CD34 for tumors of vascular 
origin, 357 neoplasms of nonvascular derivation were 
stained for this antigen (Table 2). Within the group o! 
epithelial tumors, focal light CD34 positivity was seen in 
only one lung squamous cell carcinoma. I umors of me- 
lanocytic origin and a variety of lymphomas were uni- 
formly negative. One hundred fifteen tumors of mesen- 
chymal derivation were studied: unexpectedly. 8 of 16 
epithelioid sarcomas in this group were reactive with My- 
10. In addition, a minority of leiomyosarcomas (3 of 22) 
were also positive; the staining intensity in these 3 cases 
was intense. All other tumors showed no CD34 antigen 
staining. 


DISCUSSION 


Anti-CD34 antibodies detect a 1 15-kD membrane an- 
tigen found specifically on human hematopoietic progen- 
itor cells.'? Although the CD34 antigen is detectable in 
only 1-4% of normal marrow cells. C D34-positive cells 
isolated from the bone marrow account for more than 
90% of the hematopoietic cells capable of forming in vitro 
colonies.^? Approximately 30-60% of acute leukemias. 
of lymphoid and myeloid origin, are CD34 positive,” 
but chronic leukemias and lymphomas have not expressed 
this antigen.? CD34 antigen positivity is associated with 
an immature blast cell phenotype in acute myelogenous 
leukemia and may be an adverse prognostic indicator in 
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FIG. 1. A. Angiosarcoma of the breast (case 4) showing irregular 
vascular spaces lined by atypical cells. Hematoxylin and eosin 
(X400). B. Intense CD-34 positivitv of malignant endothelial 
cells. Essentially all of the neoplastic cells are stained. He- 
matoxylin counter stain (X400). C. Light von Willebrand fac- 
tor staining of the same case, for comparison. Hematoxylin 
counter stain (X400). 


A.J.C.P. * July 1991 


TRAWEEK ET AL. . 29 
CD34 in Vascular Neoplasia 


> 2» 
. O 4^. 22 
"ev C i 
4 Oe 
pa Mi "US 
à ; d 
4 
E 
WU i 
ps Ts 
os, 2 E " e 
A Te 
“a 
" [2m - 
3 
os 
SESS 
Wa 
^ ` 
a 


LJ 
A 
P and 
pA 


S > 
$ Th Fa 


ya , 


e 


> 


SIM 
NUN 


^ 


å GAA ^ 
e zo ^w 5 





FIG. 2 (upper). A. Gastric Kaposi's sarcoma (case 9) fixed in B-5. Hematoxylin and eosin (x400). B. Strong positive staining for CD-34 is present 
the vast majority of tumor cells. Hematoxylin counter stain (400). 


FiG. 3 (lower). A. Lymph node epithelioid hemangioendothelioma (case 15) showing characteristic features of abundant eosinophilic cytoplasm and 
intracellular lumina. Hematoxylin and eosin (X400). B. Strong CD-34 staining is present in the majority of neoplastic cells. The pattern of positive 
staining accentuates the cytoplasmic lumina. Hematoxylin counter stain (X400). 
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this setting." ^ Several previous studies also have noted 
CD34 antigen positivity in endothelial cells.?'? More re- 
cently, CD34 mRNA was found in cultured umbilical 
vein endothelial cells, indicating that the binding of CD34 
antibodies to vascular endothelium is to the actual CD34 
gene product, and not to a cross-reactive epitope. ! 

A cDNA clone of the CD34 gene, which has been lo- 
calized to chromosome Iq. recently was isolated and se- 
quenced.'' The predicted amino acid sequence deduced 
from that of the cDNA sequence suggests that the CD34 
antigen 1s a typical membrane protein with a hydrophobic 
transmembrane region, separating a cytoplasmic carboxyl 
tail from the extracellular portion of the molecule.^'' The 
general structural features of the CD34 glycoprotein, its 
relatively high abundance on the cell surface, and its as- 
sociation with regions of cell contact in endothelial cells 
suggest that its function may be related to cellular adhe- 
sion, migration, or both. 

Because benign endothelial cells have been shown to 
be reactive for the CD34 antigen, we tested a variety of 
vascular neoplasms for this protein. The most significant 
finding of this study is that the vast majority of vascular 
neoplasms are positive for CD34. Furthermore, the an- 
tigenicity of the CD34 protein is preserved in a wide va- 
riety of fixatives. Staining was equally intense, whether 
the tissue was fresh-frozen or fixed in ethanol, formalin. 
or BS. 

All cases of angiosarcoma, Kaposi's sarcoma, and ep- 
ithelioid hemangioendothelioma were strongly positive 
for CD34. The positive staining primarily was localized 
to the cell membranes and was especially conspicuous in 
cytoplasmic lumina. As is often found in immunohisto- 
chemical studies, less differentiated tumors tended to stain 
somewhat less intensely than the better differentiated ones. 
vW factor staining ranged from absent to strong, but in 
general was distinctly less intense than that of CD34. In 
addition, CD34 staining of neoplastic endothelial cells was 
often stronger than that of adjacent benign capillary en- 
dothelium. This finding suggests that the CD34 protein 
may be expressed at higher levels in neoplastic cells than 
in nonneoplastic cells, and it is consistent with the notion 
that the protein may function during endothelial cell pro- 
liferation (/.e., during angiogenesis).! ^" 

Two hemangiopericytomas also stained positively for 
CD34, but the staining intensity was much less than that 
seen in angiosarcomas, Kaposi's sarcomas, or heman- 
gioendotheliomas. This finding is somewhat at variance 
with the results of Schlingemann and colleagues, who 
found no CD34 expression in normal pericytes or peri- 
vascular fibroblasts." However, the presence of low-level 
CD34 expression in malignant pericytes is not unreason- 
able because endothelial cells and pericytes may be derived 


from a common precursor.'? Furthermore, weak vW fac- 
tor positivity, which was also present in one of our cases. 
has been reported previously in hemangiopericytoma. '° 

Five of six hemangiomas expressed CD34, but the 
staining of these benign vascular neoplasms varied and. 
in general, was not intense. In fact, the only vascular neo- 
plasm not reacting with anti-CD34 belonged to this group. 
Because the function of the CD34 glycoprotein may be 
connected with endothelial cell proliferation.! ^? the weak 
CD34 reactivity seen in hemangiomas could result from 
limited expression of the protein in these slowly prolif- 
erating neoplasms. The poor expression of CD34 in these 
benign tumors does not detract greatly from its diagnostic 
utility, however, because hemangiomas usually are easy 
to recognize on routine sections and rarely require special 
studies for diagnosis. 

Our study of a large number of nonvascular tumors 
indicates that the CD34 antigen, as detected with the My- 
10 antibody, is not entirely specific for vascular endothe- 
lium. However, in this series, CD34 antigen expression 
in nonvascular tumors was limited to epithelioid sarcoma. 
with positive findings in half of the cases (8 of 16), and 
rare cases of leiomyosarcoma. In addition, one case of 
squamous cell carcinoma displayed slight and focal pos- 
itive staining for CD34. The biologic significance of CD34 
positivity in a substantial number of epithelioid sarcomas 
is unclear. However, in practical terms, epithelioid sar- 
coma is relatively unlikely to be confused morphologically 
with a vascular tumor. Furthermore, strong keratin 
expression is the rule in epithelioid sarcoma’’ and is only 
exceptionally present in vascular tumors.'*? The use of 
an appropriate immunohistochemical panel should 
readily distinguish between the two tumor types. 

Although we found no positive CD34 staining in mes- 
enchymal tumors other than epithelioid sarcoma and rare 
leiomyosarcomas, Ramani and colleagues recently re- 
ported 17 of 45 spindle cell tumors (primarily dermato- 
fibrosarcoma protuberans and neural neoplasms) to be 
reactive with a CD34 antibody (QBEND/10) that was 
produced by injecting mice with endothelial cell mem- 
branes.” However, Watt and associates have demon- 
strated previously that all CD34 antibodies are not equal 
and that differences in antibody reactivity can be attrib- 
uted to the recognition of distinct epitopes by different 
CD34 reagents.'° A difference in epitope recognition sites 
may explain the apparent staining differences seen in the 
current series and in the report of Ramani and col- 
leagues.” 

Our study of vascular tumors for vW factor expression 
parallels the experience of others. The results are often 
disappointing because of the weak and sparse staining in 
a number of cases.?' ^? In general, the less differentiated 
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the vascular neoplasm, the more unlikely it is for one to 
observe vW factor staining. Ulex europaeus is not a marker 
that necessarily improves the recognition of vascular neo- 
plasia. Although U. europaeus probably is more sensitive 
than vW factor in the detection of vascular lesions, ^^ it 
is not endothelial cell specific, because binding of this 
lectin to carcinomas of both transitional and glandular 
origin has been described previously.^ 

In conclusion, our studies indicate that the CD34 an- 
tigen is a sensitive marker for vascular endothelium, both 
benign and neoplastic. The finding that malignant en- 
dothelial cells stain more intensely than their benign 
counterparts supports the notion that the CD34 protein 
may function in endothelial cell proliferation or migration. 
However. CD34 is not a specific marker of endothelial 
cells. In addition to normal hematopoietic precursor cells 
and acute leukemia cells, we found that two other solid 
tumor types that are not of vascular derivation also may 
express the antigen. Despite its less restricted specificity 
for endothelial cells, CD34 is still superior to vW factor 
in the detection of vascular neoplasms. The use of an 
appropriate antibody panel, chosen after narrowing the 
differential diagnosis by conventional means, increases 
the utility of CD34 as an endothelial cell marker. 
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Comparative Immunohistochemical 
Staining for Desmin and 
Muscle-Specific Actin 
A Study of 576 Cases 


SAMREUNG RANGDAENG, M.D.,'? AND LUAN D. TRUONG, M.D.'? 


Muscle-specific actin (MSA) and desmin are considered to be 
sensitive and specific markers for muscle differentiation. The 
authors compared staining patterns for these markers in 576 
samples of normal, reactive, and neoplastic tissues. The standard 
avidin-biotin-peroxidase complex technique was performed with 
the use of two commercial antibodies against MSA (HHF35; 
Enzo Biochemical, Inc., New York, NY) and desmin (DERII; 
DAKO Corporation, Santa Barbara, CA), respectively, on con- 
secutive paraffin-embedded tissue sections from these cases. Both 
MSA and desmin were found in all 80 normal muscle samples. 
Although MSA appeared diffusely in all vascular smooth muscle 
samples, desmin was demonstrated focally in vascular smooth 
muscle cells in 100 of 196 samples. MSA but not desmin always 
was found in myoepithelial cells (25 samples), pericytes (286 
samples), and decidual cells (7 samples). Among 76 cases of 
myofibroblast-containing lesions, 14 and 54 were found to have 
desmin and MSA, respectively. MSA and desmin were found in 
4 of 4 cardiac rhabdomyomas, 34 of 34 rhabdomyosarcomas, 
and 5 of 6 leiomyomas. Among 22 leiomyosarcomas, 7 displayed 
either MSA or desmin and 7 showed both markers. In general, 
more tumor cells showed staining for MSA than desmin, but the 
reverse was true in some cases. Tissue fixed in Zenker's solution 
seemed to show a significant decrease in MSA immunoreactivity, 
but no significant change for desmin staining was observed. None 
of the 154 normal tissues and 22 benign nonmyogenic tumors 


expressed MSA or desmin. Among 133 malignant nonmyogenic 
tumors, positive staining for both desmin and MSA was found 
in 3 of 8 cases of glioblastoma multiforme, 1 of 10 malignant 
schwannomas, and 1 of 14 malignant fibrous histiocytomas; 
staining for only MSA was found in 3 of 14 malignant fibrous 
histiocytomas, 1 of 10 malignant schwannomas, 6 of 6 fibro- 
matoses, 1 of 1 mammary myofibroblastoma, and 1 of 7 malignant 
mesotheliomas; and staining for desmin only was seen in 1 of 7 
malignant mesotheliomas. The authors conclude the following: 
(1) MSA is found consistently in muscle cells, pericytes, decidual 
cells, and myoepithelial cells, and frequently in myofibroblasts; 
(2) although the type of fixative does not influence the staining 
for desmin significantly, Zenker's fixative causes a marked de- 
crease in the intensity of MSA staining; (3) both MSA and des- 
min are sensitive and specific markers for rhabdomyosarcoma; 
(4) for the diagnosis of formalin-fixed leiomyosarcomas, the sen- 
sitivities of MSA and desmin are roughly equal, but both are 
rather low; simultaneous staining for both antigens significantly 
increases the diagnostic yield but will not detect every case of 
leiomyosarcoma, especially those in the gastrointestinal tract; 
and (5) as many as 17% of nonmyogenic sarcomas display focal 
but unequivocal staining for MSA, desmin, or both. (Key words: 
Tumors; Immunohistochemistry; Desmin; Muscle-specific actin) 
Am J Clin Pathol 1991:96:32—45 





It can be difficult to diagnose myogenic sarcomas his- 
tologically because they sometimes share remarkably 
similar morphologic features with many other types of 
tumors not derived from muscle.!? Over the last decade. 
developments in immunohistochemistry significantly 
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have enhanced the pathologist's ability to distinguish 
myogenic from nonmyogenic tumors. Panels of antibodies 
directed against various components of normal myocytes 
have been tested for their diagnostic utility. They include 
polyclonal or monoclonal antibodies directed against ac- 
tin, creatine kinase, desmin, myoglobin. myosin, titin. 
tropomyosin, and Z-protein.^ ^? Almost without excep- 
tion, initial enthusiasm was dampened subsequently by 
data indicating that the antibodies in question detected 
only a small number of myogenic tumors (low sensi- 
tivity) or also stained nonmyogenic tumors (low specific- 
ity), 51171516,1920222529531 Until recently, data from several 
systematic studies, including our own,” have suggested 
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that desmin is the most sensitive and specific marker for 
muscle differentiation. On the other hand, several 
antibodies against actin, probably because of their poly- 
clonal nature, display significant cross-reactivity to cells 
other than myocytes." 

In 1987. the monoclonal antibody HHF35, which is 
directed against muscle-specific actin (MSA), was devel- 
oped and commercialized^**: it has been considered to 
be a better marker for muscle differentiation than des- 
min.4®-5! Although several studies have used the HHF35 
antibody as a marker for muscle differentiation," ^ only 
one has been devoted to a systematic evaluation of this 
antibody.*’ This article systematically compares the di- 
agnostic utility of desmin and MSA and reviews the ex- 
periences of other researchers concerning the HHF35 an- 
tibody. 


MATERIALS AND METHODS 


Tissue Samples 


Paraffin-embedded tissue samples used in this study 
are listed in Tables 1-7. The samples included normal 
muscle (skeletal, cardiac, vascular, and nonvascular 
smooth muscle) and various normal tissues other than 
muscle (Tables 1 and 2). Cardiac rhabdomyomas, uterine 
and gastric leiomyomas, and other benign spindle cell tu- 
mors also were examined (Table 4). In addition to rhab- 
domyosarcoma (RMS) and leiomyosarcoma (LMS), a 
wide variety of malignant neoplasms that might simulate 
LMS and RMS histologically were studied (Tables 5 and 
6). Normal, reactive, and neoplastic tissues known to 
contain myoepithelial cells, or myofibroblasts, also were 
included (Table 3). Forty-two benign and malignant ep- 
ithelial tumors were studied (Table 7). 

Rhabdomyosarcoma or LMS was diagnosed if a tumor 
exhibited the generally accepted clinical and histologic 
characteristics of these tumor types! and if one or more 
of the following features were documented: desmin pos- 
itivity, MSA positivity, and muscle differentiation by 
electron microscopic examination. ^^^ Electron micro- 
scopic studies were done in 23 RMSs and 14 LMSs, re- 
spectively. 


TABLE 1. NORMAL MUSCLES 





Positive Cases 





Number 

of Cases Desmin Actin 
Skeletal muscle 3l 3| 3l 
Cardiac muscle 7 7 7 
Smooth muscle, vascular 196 100 196 
Smooth muscle, nonvascular 42 42 42 
Total 276 180 276 








TABLE 2. NORMAL TISSUES OTHER THAN MUSCLE 


L M — 





Positive Cases 





Number 

of Cases Desmin Actin 
nn 
Chondrocyte | 0 0 
Chorionic villous stromal cell 9 0 2 
Decidual cell 7 0 7 
Endometrial stromal cell 9 0 0 
Hematopoietic cell 3 0 0 
Hepatocyte 6 0 0 
Lymphoid cell 11 () 0 
Neuron and glial cell 7 0 0 
Osteocyte 8 0 0 
Ovarian stromal cell 5 0 0 
Epithelia 104 0 0 
Total 170 0 9 





Antigenic preservation was considered adequate when 
there was positive staining of built-in controls. such as 
normal muscle, by either antidesmin or anti- MSA: pos- 
itive MSA staining for pericytes or vascular smooth muscle 
cells; or positive staining of mesenchymal celis for vi- 
mentin.^^ 

Five hundred seventy-six cases (excluding cases of perl- 
cytes and vascular smooth muscle cells, which were used 
as built-in controls) were evaluated. However, more than 
one type of tissue might be present on tissue sections, and 
each was considered a “case” and tabulated accordingly. 


Tissue Processing 


Most materials were fixed in 10% buffered fommalin fo: 
3-34 hours. Several tumors obtained before 82 were 
fixed in Zenker's solution; this group included 18 RMSs. 
2 cardiac rhabdomyomas, 6 neuroblastomas. 4 Ewing's 
sarcomas, and 1 rhabdoid tumor. Six osteosarcomas and 
three chondrosarcomas included in this study required 
decalcification with 50% formic acid and 50% formalin 
for one to three days. Nevertheless, these tumors exhibited 
adequate antigenic preservation by one of the above cri- 
teria. 

To evaluate the influence of fixatives on the staining 
outcome, adjacent tissue samples from normal muscle 
(three samples of myometrium, one of appendix, and one 
of detrusor muscle) were fixed separately in different fix- 
atives, including 10% buffered formalin, absolute ethanol, 
and Zenker's, Bouin's, and B5 fixatives for six hours; then 
they were color-coded and embedded in the same block 
for comparison. To evaluate the influence of decalcifi- 
cation on staining quality, after four hours of fixation in 
formalin, adjacent samples of duodenal wal! were decal- 
cified (50% formalin and 50% formic acid) for a period 
of 1, 2, 4, and 18 hours; colored-coded; and embedded 
together in the same block for comparison. Mercury pig- 
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TABLE 3. MYOEPITHELIAL CELLS AND MYOFIBROBLASTS 
Se ene Kd indnl cdi 


Positive Cases 


Number 
of Cases Desmin Actin 

Myoepithelia 

Eccrine sweat gland 14 0 14 

Salivary gland 6 0 6 

Mammary gland 4 0 4 

Bronchial gland | 0 l 

Subtotal 25 0 25 
Myoepithelium-containing tumors 

Benign mixed tumor 3 0 0 

Malignant mixed tumor | 0 0 

Subtotal 4 0 0 
Myofibroblast in 

Atheromatous plaque 3 0 3 

Tumor-associated desmoplasia 49 11 39 

Granulation tissue 5 2 3 

Keloid 5 0 | 

Subtotal 62 13 46 
Myofibroblast-containing tumors 

Fibromatosis 6 0 6 

Benign fibrous histiocytoma 7 l | 

Myofibroblastoma | 0 | 
Total 105 14 79 


ment was removed effectively from Zenker-fixed tissue as 
follows: tissue was placed in Weigert’s iodine (2 g potas- 
sium iodide + | g iodine crystals + 100 mL distilled water) 
for 5 minutes, washed once in distilled water, placed in 
5% sodium thiosulfate for | minute, and washed in run- 
ning tap water for 5 minutes. 


Immunostaining 


The standard avidin-biotin-peroxidase complex tech- 
nique was employed, with minor modifications. The de- 
tails of this technique have been described elsewhere 3257 
Primary antibodies included monoclonal anti-MSA 
(HHF35, 1:1,280 dilution: Enzo Biochemical, Inc., New 
York, NY) and antidesmin (DER-11, 1:50 dilution; 
DAKO Corporation, Santa Barbara, CA). Our previous 


TABLE 4. BENIGN TUMORS 


Number Desmin Actin 
of Cases Only Only Both Neither 


Myogenic tumors 
Leiomyoma 4 l | 4 0 
Cardiac 

rhabdomyoma 4 0 0 
Subtotal 10 l l 

Non-myogenic tumors 
Meningioma 4 
Neurofibroma 4 
Schwannoma 3 
Hemangioma 2 
Cardiac myxoma l 
Subtotal 14 
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TABLE 5. RHABDOMYOSARCOMA AND SIMULATORS 


Number Desmin Actin 
of Cases | Only Only Both Neither 
Myogenic tumors 
Rhabdomyosarcoma 
(RMS) 
Malignant Triton’s 
tumor 3l 0 0 3l 0 
Pulmonary 2 0 0 2 0 
blastoma l 0 0 l 0 
Total 34 0 0 34 0 
RMS simulators 
Ewing's sarcoma 
Lymphoma 4 0 0 0 4 
Medulloblastoma 11 0 0 0 11 
Neuroblastoma 5 0 0 0 5 
Plasmacytoma 6 0 0 0 6 
Rhabdoid tumor | 0 0 0 ] 
Small cell l 0 0 0 l 
carcinoma 6 0 0 0 6 
Total 34 0 0 0 34 


studies demonstrated that optimal staining for desmin re- 
quired proteolytic predigestion?? (50 mg protease [Sigma 
Chemical Company, St. Louis, MO] and 200 mg CaCl, 
in 200 mL TRIS buffer, pH 7.2, for 30 minutes at 37 "Lr 
In tissue from 25 cases (5 Zenker-fixed and 20 formalin- 
fixed) simultaneous staining for MSA, with and without 
protease digestion, showed that this digestion procedure 
did not improve MSA staining, regardless of the type of 
fixatives. In the case of anti-MSA, 50 mmol/L edetate 
(EDTA) was added to the primary antibody to eliminate 
nonspecific background staining. 

For each case, a set of consecutive sections consisting 
of those stained with hematoxylin and eosin. antidesmin, 
and anti-MSA was reviewed by two independent observers 


TABLE 6. LEIOMYOSARCOMA AND SIMULATORS 


Number Desmin Actin 
of Cases Only Only Both Neither 


Leiomyosarcoma (LMS) 22 3 4 7 8 
LMS simulators 
Malignant fibrous 
histiocytoma 14 
Neurofibrosarcoma 10 
Glioblastoma multiform 
Malignant mesothelioma 
Liposarcoma 
Osteosarcoma 
Chondrosarcoma 
Synovial sarcoma 
Kaposi’s sarcoma 
Atypical fibroxanthoma 
Angiosarcoma, breast 
Dermatofibrosarcoma 
Fibrosarcoma 
Spindle cell carcinoma 
Subtotal 
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TABLE 7. EPITHELIAL TUMORS 


ee 


Positive Cases 


Number 

of Cases Desmin Actin 
Carcinoma 34 0 0 
Carcinoid tumor 2 0 0 
Benign epithelial tumor 6 0 0 
Total 42 0 0 





for architectural and cytologic features of staining, the 
percentage of stained cells, and the similarity or difference 
of staining for these two antigens. Any discrepancy was 
settled by simultaneous examination. 


RESULTS 


Effects of Tissue Fixation 


The type of fixative did not influence the staining for 
desmin significantly. Zenker's fixative decreased the in- 
tensity of staining and the number of cells stained for 
MSA. The adverse effect of Zenker's fixative on MSA 
staining was observed in normal and neoplastic tissues. 
In fact, as shown in Table 8, MSA staining was stronger 
than that of desmin in most RMS cases fixed in formalin, 
whereas the reverse was true for RMSs fixed in Zenker's 
solution. Decalcification lasting as long as 18 hours ap- 
peared to have no effect on the staining of normal duo- 
denal smooth muscle cells by either antibody. 


Normal Tissues 


All samples from normal muscle (31 skeletal, 7 cardiac, 
and 42 nonvascular smooth muscle samples) were stained 
positively by both antibodies in virtually every cell (Table 
1). Desmin was demonstrated focally in 100 of 196 sam- 
ples of vascular smooth muscle, whereas MSA appeared 
diffusely in every sample. MSA also was expressed by 
pericytes (286 samples) but not by endothelial cells. Rare 
isolated spindle cells were stained by either antibody in 
several locations, including capsules of solid parenchymal 
organs such as the liver, lymph nodes, kidney, pancreas, 
and adrenal gland and lamina propria of the gastrointes- 
tinal tract. 

Seven samples of decidual cells and two of nine samples 
of chorionic villous stromal cells focally exhibited MSA 
but not desmin (Figs. 1.4 and B). However, none of the 
154 samples of nonmuscular tissues was reactive with ei- 
ther antibody (Table 2). 


Myoepithelial Cells and Myofibroblasts 


Myoepithelial cells in eccrine sweat glands (14 samples), 
salivary glands (6 samples), mammary glands (4 samples). 


and bronchial glands (1 sample) consistently expressed 
MSA but not desmin (Table 3). However, none of three 
benign and one malignant mixed tumors of salivary glands 
exhibited MSA or desmin. 

Muscle-specific actin was demonstrated in 46 of 62 re- 
active myofibroblast-containing lesions (3 of 5 athero- 
matous plaques, 39 of 49 tumor-associated desmoplastic 
lesions, 3 of 5 granulation tissues, 1 of 5 keloids). MSA 
also was present in 8 of 14 myofibroblast-containmg neo- 
plastic tissues (6 of 6 fibromatoses, 1 of 7 benign fibrous 
histiocytomas, | of | mammary myofibroblastoma). 
MSA-positive cells sometimes were abundant; thus, tu- 
mor-associated desmoplasia featuring a large number of 
MSA-positive cells might resemble a myogenic neoplasm 
superficially (Fig. 24). Desmin was found in many fewer 
cases, and in fewer cells per case, than was MSA (Fig. 
2B). In individual cells, staining for desmin was focal, 
whereas that for MSA was diffuse. 


Benign Tumors 


Of six leiomyomas, four (three uterine and one gastric) 
exhibited both MSA and desmin in approximately the 
same number of tumor cells; one gastric leiomyoma ex- 
pressed only MSA and another gastric leiomyoma ex- 
pressed only desmin (Table 4). In the tumor cells, the 
staining for MSA was diffuse, whereas desmin staining 
was globular. Web-like cytoplasmic staining was found 
with both antibodies in all four cardiac rhabdomyomas 
(Fig. 3). All 14 benign spindle cell tumors (4 menimgiomas, 
4 neurofibromas, 3 schwannomas, 2 hemangiomas, | car- 
diac myxoma); 6 benign epithelial tumors (¢.g.. fibroad- 
enomas); and 2 carcinoid tumors did not react wath either 
antibody (Table 7). 


TABLE 8. COMPARATIVE STAINING OF MYOGENIC 
TUMORS: THE INFLUENCE OF FIXATIVES 





Staining Comparison 
Number a 
of Cases D>A D=A D < 





Formalin-fixed 
Rhabdomyosarcoma 13 | 6 
Triton's tumor 2 
Pulmonary blastoma 





| 
Rhabdomyoma 2 0 0 
Leiomyosarcoma M 3 6 5 
Leiomyoma 6 | | 
Zenker's-fixed 

Rhabdomvosarcoma 18 12 2 
Rhabdomyoma 2 2 0 0 
D = number of tumor cells positive for desmin: A = number of tumor cells positive for musch 


specific actin. 
* Fight cases stained by neither desmin or actin. 
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FIG. 1 (upper). A. Some stromal cells of chorionic villi (arrows) are stained positively for muscle-specific actin. ABC technique ( x 1,200). B. Muscle- 


specific actin is localized in the cytoplasm of some decidual cells (arrows). Note positive staining in the wall of decidual arterioles. An endometrial 
gland (/ower left) is not stained. ABC technique (X 1,200). 
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FIG. 2 (lower). A. Desmoplasia (d) associated with a sarcoma (1). Several myofibroblasts in the desmoplastic area are stained positively for muscle- 
specific actin. ABC technique (X1,200). B. A much smaller number of myofibroblasts in the same area is stained positively for desmin. ABC technique 
(X1,200). 
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FiG. 3 (upper lefi). Several cells of a cardiac rhabdomyoma 
are stained positively for muscle-specific actin. ABC technique 
(X1,200). 


FIG. 4 A (upper right). A retroperitoneal rhabdomyosarcoma 
showing several neoplastic cells stained positively for desmin. 
v — vessel. ABC technique (X 1,200). B (lower). A consecutive 
section from the same area shows that only rare tumor cells 
are stained positively for muscle specific actin; note strong 
staining of the blood vessels (v). ABC technique (x 1.290). 
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Malignant Tumors 


All 31 RMSs expressed desmin and MSA regardless of 
location and histologic subtype (22 embryonal, 8 alveolar. 
and | pleomorphic) (Table 5). However. staining patterns 
were different for desmin and MSA. More than 60% of 
tumor cells stained for MSA and desmin in 12 and 19 
cases, respectively. Rare tumor cells (<5%) stained for 
MSA and desmin in six and seven cases, respectively. Al- 
though the overall incidence of positive staining for des- 
min and MSA was roughly similar, case-by-case compar- 
ison of consecutive slides revealed a significant difference. 
Thus, there were 13 cases in which staining for desmin 
was remarkably more pronounced than that of MSA (Figs. 
4A and B), whereas in 8 other cases, the reverse was true 
(Figs. 5.4 and B). Although the difference in desmin and 
MSA staining was explained, in part, by the intrinsically 
different expression of these antigens by tumor cells, the 
type of fixative was another important cause. Thus. tumors 
fixed in Zenker’s solution frequently expressed less stain- 
ing for MSA than for desmin (Table 8). 

As seen in Table 6, among 22 LMSs (14 gastrointestinal 
tract, 7 soft tissue, and | uterine LMS), 7 expressed both 
markers, 3 demonstrated desmin only (Figs. 64 and B), 
and 4 expressed MSA only (Figs. 74 and B). All three 
LMSs that stained only for desmin were from the soft 
tissues (retroperitoneum, chest wall. and lower extremity, 
respectively). The four LMSs that expressed only MSA 
were from the soft tissues (three cases) and stomach (one 
case). All LMSs in which neither marker was demon- 
strated came from the gastrointestinal tract (three gastric, 
three small intestinal, and two colorectal tumors). In gen- 
eral, when both markers were demonstrated in the same 
tumors, the number of positive cells and the staining pat- 
terns were comparable. 

All 34 malignant tumors containing predominantly 
small round undifferentiated cells (Table 5) were not re- 
active with either antibody. Among 65 malignant spindle 
cell tumors, focal MSA-immunoreactive cells were ob- 
served in 4 of 14 malignant fibrous histiocytomas (Fig. 
8), 2 of 10 neurofibrosarcomas, | of 7 malignant mesoth- 
eliomas, and 3 of 8 cases of glioblastoma multiforme. 
Within the same group, one malignant fibrous histiocy- 
toma, one neurofibrosarcoma, one malignant mesothe- 
lioma, and all three glioblastomas also exhibited desmin 
in corresponding areas of the sections (Figs. 94 and B). 
Neither antibody labeled neoplastic cells in 34 carcinomas 


from various sites. 
L] 


DISCUSSION 
In 1978 Vandekerckhove and associates"? proposed that 
at least six different actin isotypes were expressed in higher 
mammalian tissues; four of them were found exclusively 
in muscular tissues, including alpha-skeletal, alpha-car- 


diac, and alpha and gamma smooth muscle actins. The 
beta and gamma nonmuscular actins were the major cy- 
toplasmic actins in cells other than those of muscle. Early 
antiactin antibodies were polyclonal and did not discrim- 
inate among various actin isotypes. Several studies have 
reported that most of these reagents possess low specificity 
and sensitivity for muscle differentiation," ^? but, in a 
study by Hashimoto and colleagues,'* a “private” poly- 
clonal antiserum against actin was believed to be diag- 
nosticallv superior to other pertinent antibodies, including 
antidesmin. 

Recently, many monoclonal antibodies have been de- 
scribed that recognize certain actin isotypes.! ^27 5445.59-6! 
In 1985, Gown and co-workers!’ described a monoclonal 
antibody that recognized a common epitope of alpha and 
gamma smooth muscle actin isotypes. A single clinical 
study using this antibody showed that it was a good marker 
for myoepithelial cells and smooth muscle cells and 
showed positive staining in leiomyomas and LMSs but 
negative staining in carcinomas, melanomas, lymphomas, 
and sarcomas. In 1986, Skalli and associates"? described 
an alpha-smooth muscle actin antibody that was reactive 
with normal smooth muscle cells, pericytes,°! myoepi- 
thelial cells," and reactive myofibroblasts?? but did not 
label normal skeletal muscle and tumors thereof. Schurch 
and associates,’ using the same antibody, observed a pos- 
itive reaction in two of two leiomyomas, one of one vas- 
cular leiomyoma, and two of ten LMSs, whereas desmin 
was detected in five LMSs in the same group. These two 
studies suggested that the antibody in question is an ex- 
cellent marker for myofibroblasts, myoepithelial cells, and 
pericytes but not LMS or normal and neoplastic skeletal 
muscles. 

In 1988, Skalli and associates^" introduced the mono- 
clonal antibody alpha-SR-1, which is directed against al- 
pha-skeletal and alpha-cardiac actin isotypes, and showed 
positive staining by this antibody in all 15 RMSs, with 
only 12 expressing desmin. It was also observed that se- 
lected antiactin antibodies also stained some cells other 
than myocytes. These cells have been reported in the deep 
ovarian cortical stroma and theca externa of secondary 
ovarian follicles,°* alveolar soft part sarcoma. ** infantile 
digital fibromatosis,*^*^^* epithelioid sarcoma,*” ovarian 
sclerosing stromal tumors,^' and Kaposi's sarcoma.?/?? It 
has been postulated that they represented either myofi- 
broblasts or pericytes in these conditions. However, actin 
staining of unequivocal tumor cells has been reported in 
some cases of metastatic endometrial stromal sarcoma? 
and malignant peripheral nerve sheath tumor,°’ and in 
glomeruloid cells in a case of Wilms’ tumor.?? It has not 
been determined whether these findings indicate aberrant 
actin expression of the tumor cells or cross-reactivity of 
the antiactin antibodies. 
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FIG. 5 (upper). A. Scrotal rhabdomyosarcoma showing some tumor cells that stained positively for muscle-specific actin (arrows). Note positive 
staining of the dartos muscle (/ower left). ABC technique (x 1.200). B. Consecutive section from the same area shows that none of the tumor cells is 
stained positively for desmin: however, the dartos muscle fibers (lower left) are strongly stained. ABC technique (X 1,200). 


FIG. 6 (lower). A. A soft tissue leiomyosarcoma displaying several tumor cells that stain for desmin; note negative staining of the blood vessels (a) 


ABC technique (x 1.200). B. Consecutive section from the same area shows virtually no staining of tumor cells for muscle-specific actin. However 
the blood vessel walls are strongly positive. ABC technique (X 1,200). 
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Almost all monoclonal antibodies against actin used 
in previous studies are not available commercially; one 
exception is that designated as HHF35, developed by 
Tsukada and colleagues.? This antibody recognizes a 





fy 


FIG. 7 (upper). A. A soft tissue leiomyosarcoma showing 
diffuse staining of tumor cells for muscle-specific actin. ABC 
technique (1,200). B. Consecutive section from the same 
area shows negative staining for desmin. Note positive 
staining of a skeletal muscle fiber (arrow) entrapped in the 
tumor tissue. ABC technique (X 1,200). 


FIG. 8 (/ower). This malignant fibrous histiocytoma shows 
focal staining for muscle specific actin in some unequivocal 
tumor cells. ABC technique (X 1,200). 


common epitope of alpha-skeletal, alpha-cardiac, and al- 
pha and gamma smooth muscle actin isotypes, even in 
fixed, paraffin-embedded tissues?! Thus, it has practical 
application in diagnostic pathology.*67*^? Although the 
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FIG. 9. This glioblastoma multiform shows focal staining of the tumor cells for both muscle-specific actin (4) and glial fibrillary acidic protein (B). 


ABC technique (X 1,200). 


HHF35 antibody has been used in several studies* ^! to 
identify muscle differentiation in a variety of tissues, only 
one analysis has been devoted to a systematic evaluation 
of this antibody." However, in this study, the effect of 
fixatives other than formalin was not evaluated; moreover, 
only tumor tissues were included. Our study has shown 
that, although satisfactory MSA staining was observed 
with formalin, B5, Bouin's, and ethanol fixation, Zenker's 
fixative drastically decreased the staining intensity. It is 
clear from this evaluation that a similarly deleterious effect 
of Zenker's fixative is not observed in desmin stains. 

In addition to normal muscular tissues, MSA was pres- 
ent in myoepithelial cells, pericytes," ^' and cells in the 
capsules of several solid organs, including the liver, kidney, 
and spleen?! MSA was demonstrated in virtually every 
vascular smooth muscle cell, whereas desmin was ex- 
pressed in only 53% of cases. Even in these positive cases 
the staining was focal. It is interesting that, in the same 
section of myometrium, antidesmin highlighted myo- 
metrial smooth muscle cells, but not those of arterial walls. 
These observations suggest that vascular and nonvascular 
smooth muscle cells may contain different cytoskeletal 


constituents. In fact, smooth muscle from different sources 
has been shown to exhibit major differences in actin iso- 
types.°* 

In our study, MSA was seen in decidual cells and some 
stromal cells in chorionic villi. To the best of our knowl- 
edge, this has not been observed previously." °! MSA 
expression may represent the functional activity of these 
cells at certain stages of their development. Alternatively, 
such cells may be myofibroblasts, or they may be related 
to immature vascular smooth muscle cells or pericytes, 
intermingling with true stromal cells. Additional bio- 
chemical analysis of actin isotypes in this cell type may 
shed some light on this phenomenon. 

Despite excellent immunoreactivity of the HHF35 an- 
tibody with myoepithelial cells in normal tissue. none of 
the five pleomorphic adenomas in our study expressed 
MSA. Nevertheless, Tsukada and associates" reported 
focal MSA expression in three of nine pleomorphic ade- 
nomas. Larger numbers of tumors with features of myo- 
epithelial differentiation must be stained to explain this 
discrepancy. A similar situation exists for pericytes. Al- 
though the HHF35 antibody strongly stains pericytes, it 
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has not been reported to label hemangiopericytomas.*’ 
These observations ‘emphasize that neoplastic transfor- 
mation may be associated with profound alteration in 
actin isotypes. 

Although the histogenesis of myofibroblasts is still con- 
troversial,| the presence of actin in these cells has been 
demonstrated. biochemically and immunocytochemi- 
cally.9?-7? Our study has shown that desmin and MSA are 
expressed by myofibroblasts, but MSA-positive cells of 
this type are much more numerous than desmin-positive 
myofibroblasts in reactive and neoplastic conditions. It 
was also mentioned that, despite adequate tissue preser- 
vation, some myofibroblasts did not stain for desmin or 
MSA. These observations may be explained by a recent 
finding by Skalli and associates”? that cells with morpho- 
logic features of myofibroblasts were indeed heterogeneous 
and could be classified into four immunohistochemical 
phenotypes, according to their cytoskeletal compositions: 
cells were seen that expressed vimentin only; vimentin 
and alpha-smooth muscle actin; vimentin and desmin; 
and vimentin, alpha-smooth muscle actin, and desmin. 

Our study supports previous reports stating that desmin 
and MSA are highly sensitive and specific markers for 
RMS. In contrast to other studies, 9747595! in which MSA 
uniformly was reported to be more sensitive than desmin, 
our study has shown that occasionally the reverse was 
true (Table |8); however, this observation could be ascribed 
to the deleterious effect of Zenker's fixation in most RMS 
cases included in this study. 

In regard to LMS, our study has shown that, even when 
the tumor tissue was fixed in formalin, the number of 
MSA-positive cells could be equal to, smaller than, or 
larger than that of desmin-positive cells. Of more practical 
importance is the observation that the diagnostic sensi- 
tivity increased from 45% for desmin only, or from 50% 
for MSA only, to 64% if both markers were used.’ Using 
the same antibodies, Azumi and associates’ and 
Miettinen*’ observed positive staining of 19 of 19 and 29 
of 32 LMSS, respectively. The better results in these studies 
may be related in part to the observation that, in Azumi’s 
study, only 2 cases of LMS from the gastrointestinal tract 
were included and, in Miettinen’s study," only LMSs 
from tissues other than the gastrointestinal tract were 
studied. 

A problem encountered in our analysis as well as pre- 
vious studies is the observation that a significant number 


of sarcomas with features of LMS did not express either 


desmin or MSA.^* Most of these are from the gastroin- 
testinal tract, as seen in 8 of 22 cases in our study and 5 
of 11 cases in another series.*® A possible explanation for 
this aberrant staining pattern may be related to the recent 
observation by Schurch and colleagues? that LMSs from 


different sites expressed different predominant actin iso- 











types. In their study, most soft tissue and uterine LMSs 
contained predominantly alpha smooth muscle actin, but 
those from the gastrointestinal tract showed only beta and 
gamma nonmuscle actins and were devoid of alpha and © 
gamma smooth muscle actins. The latter group of tumors 
is expected to show negative staining with the antibody 
HHF35, which 1s specific only for muscle actins. Alter- 
natively, many gastrointestinal stromal cell tumors di- 
agnosed as LMS may not be myogenic neoplasms; in fact, 
they may display neural differentiation.^974-7é 

Tumors potentially confused with RMS, as shown in 
this series and previous studies, almost never showed pos- 
itive staining for MSA or desmin. In contrast, rare cases 
of several types of spindle cell sarcoma, which may sim- 
ulate LMS histologically, have been reported to express 
desmin, MSA, or both. Documented examples of such 
tumors include alveolar soft part sarcoma," malignant 
fibrous histiocytoma,” clear cell sarcoma,’® glomus tu- 


mor, ^^? cutaneous pleomorphic fibroma,9 capillary 
hemangioblastoma,®! and mediastinal solitary fibrous 
tumor.?? 


In our study, a small number of sarcomas displayed 
rare, scattered, benign-appearing cells that were MSA 
positive and, less frequently, also desmin positive. These 
are regarded as reactive myofibroblasts, vascular smooth 
muscle cells, or pericytes entrapped in the tumor tissues. 
Even when these càses were eliminated, a few nonmy- 
ogenic spindle cell sarcomas (three malignant fibrous his- 
tiocytomas, one malignant schwannoma, three cases of 
glioblastoma multiforme, and one malignant mesotheli- 
oma) remained that clearly expressed MSA, desmin, or 
both, in clusters of unequivocal tumor cells. In all three 
cases of glioblastoma multiforme, the possibility of a sar- 
coma metastatic to the brain was excluded by the histo- 
logic features of the tumor, the absence of extracranial 
lesions on clinical examination, and positive staining for 
glial fibrillary acidic protein. Because double staining of 
single sections of the tumors was not done, we do not 
know whether glial fibrillary acidic protein and MSA were 
in the same or different tumor cells. In three cases of ma- 
lignant fibrous histiocytoma with focal MSA staining, the 
possibility of a pleomorphic leiomyosarcoma was ex- 
cluded by positive staining of several tumor cells for alpha- 
| -antitrypsin and the absence of myogenic differentiation 
by ultrastructural examination. These unusual staining 
reactions may, in fact, represent focal myogenic differ- 
entiation that does not reach a stage that is mature enough 
or extensive enough to be recognized by conventional light 
microscopic examination. Regardless of its histogenesis, 
this aberrant staining reaction indicates that caution must 
be used in the diagnostic interpretation of MSA and des- 
min stains. 


| A.J.C.P. » July 1991 


RANGDAENG AND TRUONG 43 
Staining for Desmin and Muscle-Specific Actin 


From this study, we conclude that MSA is expressed 
constantly in muscle cells, pericytes, decidual cells, and 
myoepithelial cells and frequently in myofibroblasts. We 
also determined that MSA and desmin are sensitive and 
specific markers for RMS. Although MSA is significantly 
more sensitive than desmin in formalin-fixed tissues, des- 
min is much more sensitive than MSA in Zenker-fixed 
tissues. For the diagnosis of LMS fixed in formalin, the 
sensitivities of MSA and desmin are roughly equal but 
rather low. Simultaneous staining for both antigens sig- 
nificantly increases the diagnostic yield but will not detect 
every case of LMS, especially those from the gastrointes- 
tinal tract. Finally, rare cases of nonmyogenic sarcoma 
may display unequivocal staining for MSA, desmin, or 
both. 
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The BC2 honea antibody, which binds toan epitope on. the 
peptide backbone of polymorphic. epithelial mucin, was tested 
immunohistochemically for.. reactivity. with epithelial. ovarian 
. carcinoma. This. epitope was expressed in 90 of 91 malignant 
ovarian tumors; in 88% of these, more than 50% of the tumor 
cells expressed the epitope. In 94%. of the positive tumors, the 
epitope was éxpressed on the cell membrane; i in 56%, cytoplasmic 
expression was evident; and in 39%, secreted extracellular antigen 
was. detected. Differences were not cléarly discernible between 
dissimilar histotypes with respect to the percentage of cells ex- 
pressing. antigen and antigen localization. Thirteen of 19 benign 
ovarian cystadenomas also expressed the epitope, but staining 
was weak and restricted to the luminal surface of the cell mem- 
brane. A blind retrospective. immunohistochemical analysis of 


all second-look laparotomy biopsy specimens from 20 patients 


Polymorphic epithelial mucins (PEMs) are glycoproteins 
consisting of a. core protein of repeating 20 amino acid 


subunits, with mainly O-linked carbohydrate side chains. 


These molecules are found on the membranes of normal 


epithelial cells but are expressed strongly in epithelial tu- 
mors.! Many monoclonal antibodies have been raised to 
PEM using à. wide variety of i immunogens, resulting i in 
antibodies that are reactive with various determinants and 
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also was performed. All four patients.in whom microscopic dis- 
ease was detected by standard pathologic assessment had BC2- 
positive metastases. Of seven patients in whom recurrent disease 
subsequently developed despite negative pathologic findings, four 
had biopsy specimens containing BC2 antigen—positive adeno- 
carcinoma-like cells. Of the nine patients with negative results 
on operation and no recurrence, one had biopsy specimens con- 
taining BC2 antigen-positive. adenocarcinoma-like cells. Me- 
sothelial cells, although typically. negative, expressed the epitope 
in one biopsy specimen, necessitating caution in the interpretation 
of positive cells. The BC2. antibody i is reactive with most epithelial 
ovarian carcinomas and appears to be-a useful tool for the de- 
tection of micrometastases. (Key words: Monoclonal. antibody 
BC2; Ovarian cancer; Second-look | laparotomy; Polymorphic 
epithelial mucin) Am J Clin Pathol 1991;96:46—52 


show varied reactivity with benign and malignant tissue 
(for review see Zotter and associates”). Included in this 
group are antibodies to epithelial membrane antigen 
(EMA), which often are used in the diagnosis of epithelial 
malignancies.” 

Several of these antibodies. bind to epitopes on. the re- 
peating . peptide core ‘of PEM, including HMFG1, 
pL and SM3*; DF35; BCI, BC2, and BC36; and 
OM1.’ The expression in carcinomas of the epitope de- 
fined by each antibody is dependent not only on the 
amount of PEM produced, but also on the state of gly- 
cosylation of the molecule. The BC2 monoclonal antibody 
ee an epitope. that is highly expressed | in breast 
cancer? and found in the ascites? and serum! ? of patients 
with ovarian. cancer. 

This study examines the expression of the BC2 epitope 
in ovarian carcinoma using immunohistochemistry, and 
it determines whether immunohistologic techniques could 
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improve detection of micrometastases in biopsy specimens 
obtained from patients with ovarian cancer who have had 
second-look laparotomy. 


MATERIALS AND METHODS 


Specimens and Analysis 


Ninety-one ovarian carcinomas and 19 benign ovarian 
tumor specimens were selected retrospectively from the 
files of the Pathology Department at the Royal Brisbane 
Hospital. All tissue was formalin fixed and embedded in 
paraffin. A single block, which was considered to be rep- 
resentative of the tumor, was selected; and 5-um sections 
were mounted on glass slides for immunohistochemical 
analysis. The ovarian tumors consisted of 35 serous, 17 
endometrioid, 9 mucinous, 9 poorly differentiated, 8 clear 
cell, | mixed, and | adenosquamous carcinoma; | ade- 
nocarcinoma of no other specification; 4 serous, 5 mu- 
cinous, and | mixed tumor of low malignant potential; 
and 10 benign serous and 9 benign mucinous cystade- 
nomas. Stained sections were analyzed, and the antigen 
was recorded as either being absent or present in less than 
10%, 10-50%, or more than 50% of tumor cells. The cel- 
lular localization of antigens was recorded as being mem- 
branous, cytoplasmic, or both (membrane staining was 
defined as being luminal alone or on the entire mem- 
brane). The intensity of staining was not scored. 

In addition, all biopsy specimens were obtained from 
20 patients with ovarian cancer who underwent second- 
look laparotomy (range, 3-23 blocks per patient). Blocks 
were obtained from the files of the Pathology Departments 
of the Royal Brisbane and Princess Alexandria Hospitals 
and from two private pathology laboratories. Nine of these 
patients had no tumor detected in biopsy specimens and 
have no evidence of disease 15-87 months after operation 
(eight originally had stage III and one had stage IV disease). 
Seven patients had negative pathologic findings at oper- 
ation but subsequently showed recurrence of tumor (five 
had stage III, one stage II, and one stage I disease). Disease 
was detected microscopically in four patients at operation 
(one had stage IV, two stage III, and one stage I disease). 
Serial sections were coded with a random number, and 
the code was not broken until all sections were assessed 
immunohistologically. Hematoxylin and eosin-stained 
sections also were prepared for this group. The entire sec- 
tion was inspected carefully for the presence of BC2-pos- 
itive cells; if any were detected, their position, the ap- 
proximate number of cells, their morphologic appear- 
ances, and the localization of the antigen were recorded. 
Detection of tumor cells by BC2 immunohistochemistry 
then was compared with the original assessment for each 
block from the pathology report. 





Immunohistochemistry 


The entire immunohistochemical procedure was per- 
formed at room temperature. Paraffin was removed from 
sections in xylene, followed by hydration in a graded series 
of ethanol and water solutions. Endogenous peroxidase 
activity was removed by a 30-minute incubation in 0.6% 
(volume/volume [v/v]) H20: in 80% (v/v) methanol, and 
nonspecific protein binding was blocked by a 10-minute 
incubation in 10% (v/v) fetal calf serum (FCS) m Dul- 
becco’s phosphate-buffered saline (PBS) without Mg^* and 
Ca?*, pH 7.2. Slides were then laid flat in a humidified 
box and covered with monoclonal antibody for 40 min- 
utes, The BC2 monoclonal antibody (Medical Innovations 
Ltd.. Labrador, Australia) was used as undiluted culture 
supernatant with an immunoglobulin concentration of 
approximately 20 mg/L. Slides were washed in PBS (2 
minutes), 0.59; (v/v) Nonidet P-40* (Sigma Chemical 
Company, St. Louis, MO) in PBS (2 minutes), and then 
PBS alone (two changes of 2 minutes), before berg cov- 
ered with peroxidase-conjugated rabbit antimouse im- 
munoglobulin (DAKOPATTS, Denmark) diluted 1/50 
in 5% FCS (v/v) in PBS. Sections were then washed as 
described above and covered with 1 g/L diaminobenzidine 
tetrachloride (Sigma) in PBS containing 0.03% (v/v) H202 
for 6 minutes, washed in tap water, counterstained for 5 
minutes with Mayer's hematoxylin, dehydrated with 
ethanol, cleared with xylene, and mounted in DPX” 
(BDH Chemicals, Kilsyth, Australia). 


RESULTS 


Expression of the BC2 Epitope in Ovarian Tumors 


The PEM epitope recognized by the BC2 antibody was 
expressed by all ovarian carcinomas examined, except one 
mucinous tumor of low malignant potential (see Table 
1). In 88% of malignant tumors, more than 50% of the 
cells expressed the epitope; in most of these. virtually all 
the tumor cells were stained. In 94% of the positive tumors. 
the epitope was expressed on the cell membrane: in 56%, 
cytoplasmic expression was evident; and, in 39%. secreted 
extracellular antigen was detected (see Table 2 and Fig. 
1). Membrane staining usually was concentrated at the 
luminal surface of tumor cells, if lumina were present. 
Cytoplasmic antigen, where present, usually appeared dif- 
fusely throughout the cytoplasm, except in some well- 
differentiated tumors in which the antigen was localized. 
usually in the apical region of the cell. Extracellular an- 
tigen was found with similar frequency in tumors ex- 
pressing cytoplasmic antigen and in neoplasms with only 
membrane staining. 

Dissimilarities were not clearly discernible between dif- 
ferent histotypes with respect to the percentage of cells 
expressing antigen and the antigen localization. For ex- 
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TABLE 1. THE PROPORTION OF TUMOR CELLS EXPRESSING THE POLYMORPHIC EPI 
BY MONOCLONAL ANTIBODY BC2 IN OVARIAN EPITHEL 


ee 


10-50% 


Pathology 0% 
Serous 0/35 (0) 
Endometrioid 0/17 (0) 
Mucinous 0/9 (0) 
Poorly differentiated 0/9 (0) 
Clear cell 0/8 (0) 
Adenocarcinoma NOS 0/1 (0) 
Mixed 0/1 (0) 
Adenosquamous 0/1 (0) 
Serous LMP 0/4 (0) 
Mucinous LMP 1/5 (20) 
Mixed LMP 0/1 (0) 


Benign serous 3/10 (30) 


<10% 


1/35 (3) 
0/17 (0) 


0/9 
0/9 
0/8 
0/1 
0/1 
0/1 
0/4 
1/5 
0/1 


(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(20) 
(0) 


0/10 (0) 
2/9 (22) 


2/35 (6) 
3/17 (18) 


2/9 
1/9 
0/8 
0/1 
0/1 
0/1 
0/4 
0/5 
0/1 


(22) 
(11) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 


0/10 (0) 
eM (22) 


>50% 


32/35 (91) 
14/17 (82) 


7/9 
8/9 
8/8 
1/1 
1/1 
1/1 
4/4 
3/5 
1/1 


(78) 
(89) 
(100) 
(100) 
(100) 
(100) 
(100) 
(60) 
(100) 


7/10 (70) 
2/9 (22) 


THELIAL MUCIN ANTIGEN DETECTED 
IAL TUMORS 


Benign mucinous 3/9 (33) 2 
MEME, ain LA a MN UM 4 5 aci RN TUR: n RR 


NOS - no other specification; LMP - low malignant potential; numbers in parentheses are percentages. 


ample, although cytoplasmic expression was relatively 
common in clear cell carcinoma and relatively uncom- 
mon in mucinous cystadenocarcinoma, the numbers of 
each tumor type were insufficient to indicate statistical 
significance. Sixty-eight percent of ovarian cystadenomas 
also expressed the epitope, but in these tumors the staining 
was weak and typically restricted to the luminal surface 
of the cell membrane. In some cases, localized granular 
cytoplasmic staining was observed; no extracellular stain- 
ing was seen in these tumors. The antigen appeared to be 
expressed by a higher proportion of serous than mucinous 
cystadenoma cells. 


Second-Look Laparotomy and Biopsy 


Results from the immunohistochemical analysis of the 
second-look biopsy specimens are presented in Table 3. 
Examples of metastases detected by immunohistochem- 
ical analysis are shown in Figure 2. Of the four patients 
with microscopic disease detected by standard pathologic 
assessment, two had a greater number of positive biopsy 
specimens found by immunohistochemical analysis, one 
had the same number, and one had less. Of the seven 
patients in whom recurrent tumor subsequently developed 
despite negative pathologic findings, four had biopsy 
specimens containing BC2 antigen-positive cells. These 
were restricted to micrometastases in one biopsy specimen 
from each patient. The tissues involved were a lymph 
node, an obturator lymph node, a paraaortic lymph node, 
and an ovarian pedicle. In three of these patients, the 
morphologic characteristics of the stained cells were con- 
sistent with those of ovarian carcinoma, but, in the other. 
the number of stained cells was small and their morpho- 
logic characteristics were indeterminate. 

Of the nine patients with negative pathologic findings 


and no recurrence, one had biopsy specimens containing 
BC2 antigen-positive adenocarcinoma-like cells. This 
patient had three positive biopsy specimens (paracolic 
gutter, diaphragm, and omentum). One patient had a 
group of cells—probably identified correctly as mesothe- 
lial in the original pathology report—that showed cyto- 
plasmic staining; this constituted a false-positive result. 
Nonmalignant epithelial tissue encountered in these bi- 
opsy specimens included a mucinous cystadenoma of the 
appendix that showed weak luminal membrane staining 
in less than 50% of the cells; mucosa of the small bowel 
that showed weak luminal membrane staining in less than 
1% of cells; dysplastic cervical epithelium. which was 


TABLE 2. THE LOCALIZATION OF THE POLYMORPHIC 
EPITHELIAL MUCIN ANTIGEN DETECTED BY 
MONOCLONAL ANTIBODY BC2 IN OVARIAN 

EPITHELIAL TUMORS 





Number Detected 





Pathology Membrane Cytoplasm Extracellular 
Serous 33/35 (94) 18/35 (51) 9/35 (26) 
Endometrioid 15/17 (88) 10/17 (59) 5/17 (29) 
Mucinous 8/9 (89) 3/9 (33) 4/9 (44) 
Poorly differentiated 9/9 (100) 6/9 (67) 4/9 (44) 
Clear cell 8/8 (100) 7/8 (88) 4/8 (50) 
Adenocarcinoma 

NOS 1/1 (100) 0/1 (0) 0/1 (0) 
Mixed 1/1 (100) 1/1 (100) 0/1 (0) 
Adenosquamous 1/1 (100) 1/1 (100) 1/1 (100) 
Serous LMP 4/4 (100) 1/4 (25) 2/4 (50) 
Mucinous LMP 4/4 (100) 2/4 (SQ) 0/4 (0) 
Mixed LMP 1/1 (100) 1/1 (100) 1/1 (100) 
Benign serous 7/7 (100) 2/7 (29) 0/7 (0) 
Benign mucinous 5/9 (56) 2/9 (22) 0/9 (0) 





NOS = no other specification; LMP = low malignant potential; numbers in parentheses are 
percentages. 
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FIG. 1. Demonstration of the antigen recognized by the monoclonal antibody BC2 in different histotypes of routinely fixed. paraths-embedded 
ovarian epithelial cancers. A. Luminal membrane staining in a moderately differentiated serous cystadenocarcinoma (X 100). B. Cytoplasmic staining 
in a clear cell carcinoma (X100). C. Luminal membrane. cytoplasmic, and extracellular staining in a mucinous cystadenocarcinoma (X100). D 
Luminal membrane and cytoplasmic staining in an endometrioid carcinoma (X 100). 
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TABLE 3. COMPARISON OF IMMUNOHISTOCHEMICAL 
(IHC) AND STANDARD PATHOLOGICAL DETECTION OF 
METASTASES IN BIOPSY SPECIMENS OBTAINED FROM 
PATIENTS UNDERGOING SECOND-LOOK LAPAROTOMY 
FOR EPITHELIAL OVARIAN CANCER 
a (NE 


Patients Pathology IHC 


Patients Pathology IHC 
Negative Operation/No 


Recurrence Negative Operation/Recurrence 





l 0/18 3/18 10 0/23 1/23 
2 0/20 0/20 11 0/12 0/12 
3 0/14 0/14 12 0/13 0/13 
E 0/11 0/11 13 0/15 1/15* 
2 0/10 0/10 14 0/7 0/7 
6 0/13 0/13 15 0/16 1/16 
7 0/10 0/10 16 0/16 1/16 
8 0/10 0/10 

9 0/26 0/26 


Positive operation 


17 3/3 3/3 

18 1/22 3/22 
19 13/17 10/17 
20 7/22 3/22 





The number of biopsies containing tumor/total number of biopsies is shown. 
* Small number of cells whose morphology was not clear. 


weakly positive; and endometrial epithelium, which was 
strongly positive. In addition, some bundles of smooth 
muscle and nervous tissue also showed weak diffuse cy- 
toplasmic staining. 


DISCUSSION 


As expected, the BC2 epitope was expressed strongly 
in all malignant ovarian tumors in this series. In benign 
tumors, the epitope usually was expressed weakly only 
on the luminal membrane surface, whereas, in malignant 
cells, expression on the cell membrane was enhanced and 
expression in the cytoplasm and extracellular space was 
often evident. This difference in expression probably re- 
sults from an increase in PEM production, a change in 
glycosylation, or a combination of both factors. Although 
this pattern of expression is not specific for ovarian ma- 
lignancy, the characteristic staining patterns and the high 
frequency of BC2 expression suggest that this antibody 
would be useful for the detection of micrometastases. This 
epitope is expressed more strongly and universally in par- 
affin sections of ovarian carcinoma than epitopes recog- 
nized by other PEM peptide-backbone-binding mono- 
clonal antibodies, such as BC3 and OMI, and the PEM 
carbohydrate binding antibody F36/22, which were tested 
previously in this laboratory.'' Although the HMFG2 an- 
tibody has not been tested on the same sections, our pre- 
vious findings suggest that the BC2 epitope is expressed 
more universally in ovarian carcinoma than that of 
HMFG2, particularly in poorly differentiated tumors."? 


Although the use of second-look laparotomy in the 
treatment of ovarian cancer remains somewhat contro- 
versial, existing metastases must be detected if the pro- 
cedure is to be helpful. Patients with microscopic disease 
are most likely to benefit from continued chemotherapy. ° 
In a collation of published results,'* it was calculated that 
recurrent disease subsequently developed in 28% of 265 
patients who originally had stage III or IV disease and 
were found to be free of disease at second-look laparot- 
omy. Incorrect classification of disease status at the time 
of second-look laparotomy results from the inability to 
detect metastases in biopsy specimens or, perhaps more 
likely, an inability to perform biopsies at all possible sites 
of metastatic disease. 

The current study demonstrated that immunohisto- 
chemical studies with the BC2 monoclonal antibody could 
detect small groups of metastatic tumor cells that other- 
wise were not distinguished readily from surrounding be- 
nign tissue. Roughly half of the patients with negative 
second-look results in whom recurrent disease subse- 
quently developed had immunohistochemically detected 
micrometastases. However, one of nine patients with 
negative second-look results also had micrometastases, 
despite a disease-free follow-up of 42 months and no prior 
postoperative chemotherapy. 

Although many groups of mesothelial cells seen in bi- 
Opsy specimens in this series were not stained by the an- 
tibody, the presence of positive mesothelium in at least 
one specimen necessitates caution in the interpretation 
of positive cells; therefore, morphologic assessment of all 
positive cells is essential for correct interpretation. The 
possibility of BC2-positive mesothelial cells probably also 
precludes the use of this antibody to identify tumor cells 
in peritoneal washings obtained from these patients, al- 
though this application was not tested in this retrospective 
study. However, this epitope appears to have a lower level 
of expression in benign epithelium and mesothelial cells 
than that of cytokeratins, which often are used as markers 
for adenocarcinoma cells.'^'? A direct comparison of BC2 
with HMFG2, and the E29 monoclonal antibody used to 
detect EMA, is required to determine differences in the 
expression of the epitopes recognized by these antibodies 
in benign and malignant epithelial tissues. Although the 
E29 epitope may be present in the same antigen as that 
recognized by HMFG2,'^ and therefore also BC2, this 
does not equate with identical immunohistochemical 
expression.!! 

In conclusion, the epitope defined by the BC2 antibody 
Is expressed strongly in routine paraffin sections of ovarian 
carcinoma. Because of this strong expression and a lower 
antigen density in benign tissue, this antibody can be used 
to highlight micrometastases immunohistochemically. 
This may be most useful in lymph nodes, in which the 
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FiG. 2. Demonstration of the antigen recognized by the monoclonal antibody BC2 in biopsy specimens obtained from patents undergeing second 
look laparotomy after treatment for ovarian epithelial cancer. 4. Small clumps of antigen-positive cells in a para-aortic lymph node trom a patient 
(BS) who suffered recurrent disease after negative second-look findings (X250). B. A clump of luminal membrane antigen-positive cells in a lymp! 
node from a patient (JC) who suffered recurrent disease after negative second-look findings (X250). C. A clump of strongly antigen-positive cells i: 
the ovarian pedicle from a patient (ST) who suffered recurrent disease after negative second-look findings (X100). D. Two small foc: of luminal 
membrane antigen-positive cells in the omental tissue of a patient (NB) with negative second-look findings and no evidence of recurrent disease 4- 
months after surgery (400). 
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plethora of nuclear morphotypes presents a significant 
challenge to the pathologist searching for micrometastases. 
Detection lof such lesions would allow for more. appro- 
priate selection. of treatment, after second-look laparot- 
omy. Immunohistochemical identification of microme- 
tastases in lymph nodes also would ensure correct. staging 
after — during primary surgery. | 
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The production of monoclonal antibodies against estrogen re- 
ceptor (ER) and progesterone receptor (PR) has permitted the 
development of the enzyme immunoassay (EIA) and immuno- 
cytochemical assay (ICA) for steroid receptor determination. The 
results obtained with these two techniques, using the same 
monoclonal antibodies, were compared in a large series of breast 
carcinomas (187 for ER and 100 for PR). The correlation between 
these methods was significant for ER (r, = 0.54) and PR (r, 
= 0.55) (P < 0.001) but was lost when the receptor concentrations 
determined by EIA were <15 and <30 fmol/mg protein for ER 
and PR, respectively. When these values are considered as cut- 
offs, the concordance between the two methods was 84.5% for 
ER and 73% for PR. An analysis of discordant results revealed 


The evaluation of estrogen (ER) and progesterone (PR) 
receptor content in breast cancer is an important factor 
in assessing the value of endocrine therapy. ER and 
PR determination currently is accomplished with the 
dextran-coated charcoal (DCC) biochemical method.* 
This procedure is believed to be accurate, but it has various 
shortcomings, such as the use of radioactive materials, 
and it requires relatively large tissue samples and several 
days for the analysis to be completed.” These inconve- 
niences may be overcome with immunoenzymatic pro- 
cedures. 
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that low epithelial cellularity generally was present in IC A-pos- 
itive, EIA-negative specimens, whereas only focal positivity with 
ICA, or positivity of only normal peripheral mammary ducts and 
lobules, frequently was found in ICA-negative, EI A-positive tu- 
mors. In conclusion, there is good correlation between the results 
obtained by EIA and ICA methods for detection of ER and PR. 
The authors suggest that biochemical and histochemical methods 
for steroid receptors could be considered complementary and 
used together for the analysis of breast cancer. (Kev words: Es- 
trogen receptor; Progesterone receptor; Immunoc ytochemistry: 
Monoclonal antibodies; Breast cancer) Am J Clin Pathol 
1991:96:53-58 


The production of monoclonal antibodies to ER b 
King and Greene. and, more recently to PR. by Green 
and Press.’ has permitted the development of an enzym: 
immunoassay (EIA) that is based on the direct recognition 
of steroid receptor molecules. The ER/PR FIA is com 
mercially available in kit form (ER-EIA and PR-EIA; Ab- 
bott Laboratories, North Chicago, IL). The immunoen: 
zymatic method requires (as do all biochemical tech- 
niques) the homogenization of tissue samples. with loss 
of cell integrity, so that it is impossible to assess the degree 
of heterogeneity in receptor distribution within the tumor. 

In contrast, the direct recognition of ER and PR in 
tissue sections of carcinomas is possible with the same 
monoclonal antibodies, using the immunocvtochemical 
assay (ICA) (ER-ICA and PR-ICA: Abbott). ^ Sev- 
eral authors have shown a good correlation between the 
EIA 75 or ICA??:7-'? and DCC for ER and PR evalua- 
tions in breast cancers. A relationship also has been found 
between the results obtained by EIA and ICA for ER 
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analysis."^^' Thus far, no data are available on the rela- 
tionship between PR immunostaining and PR content 
by EIA. 

In this study, we compared results of EIA and ICA in 
the evaluation of ER and PR in breast cancer. using the 
same monoclonal antibodies raised against ER and PR. 
The cutoff value of ER and PR positivity by EIA was 
determined, and the differences that emerged with the use 
of these two methods are discussed. 


MATERIALS AND METHODS 


Patients 


We examined 187 patients, aged 27-88 (mean. 58.9 
+ 13.1) years, who underwent biopsy or radical mastec- 
tomy for breast cancer. 


Histology 


Tumors were classified histologically according to the 
World Health Organization Classification” for mammary 
neoplasms. 


Tissue Preparation 


Breast cancer specimens were received from the oper- 
ating room within 30 minutes of excision. The tumors 
were divided into three parts: the first was submitted for 
routine histopathologic examination; the second was fro- 
zen rapidly in liquid nitrogen and stored in OCT Tissue 
Tek” at —70 °C for ICA of ER and PR: and the last 
portion was stored in liquid nitrogen for EIA of ER 
and PR. 

Data from ER analysis were available for all 187 tu- 
mors, whereas PRs were examined in 100 of them. 


Immunocytochemical Assay 


Estrogen receptor and PR immunostaining was per- 
formed according to the procedure of King and associates? 
and in accordance with the manufacturer’s instructions. 
using anti-ER and -PR monoclonal antibodies that are 
commercially available in kit form (Abbott). Four frozen 
sections from the same specimen were fixed in 3.7% 
formaldehyde-phosphate-buffered saline (PBS) solution 
(pH 7.4), cold methanol, and acetone, and treated with 
normal goat serum to prevent nonspecific binding of sub- 
sequent reagents. Two samples were incubated with rat 
monoclonal antibody to human ER or PR, and the others 
were incubated with normal rat serum. The slides were 
incubated with a goat antirat antibody, and the rat per- 
oxidase-antiperoxidase (PAP) complex then was added 
to each sample. A chromogen substrate solution contain- 
ing hydrogen peroxide and diaminobenzidine was added 


to each sample. The reaction of peroxidase with hydrogen 
peroxide converted the diaminobenzidine to an insoluble 
brown product that permitted the visualization of the ER- 
or PR-monoclonal antibody complexes. 

Results were evaluated as the percentage of positive 
cells. Values greater than 10% were considered positive 
for ER and PR?” (Fig. 1). 


Immunoenzymatic Assay 


Estrogen receptor and PR were assayed immunoen- 
zymatically according to the manufacturer's instructions 
(Abbott). Briefly, frozen neoplastic tissue was pulverized 
and homogenized in 10 volumes of buffer (TRIS buffer 
10 nmol/L, EDTA 1.5 nmol/L, Na;MoO, 5 nmol/L, 
monothioglycerol 1 nmol/L, pH 7.4). The cytosol ob- 
tained by ultracentrifugation (one hour at 105.000 X g) 
was incubated with beads coated with an antireceptor 
monoclonal antibody. Unbound material present in the 
cytosol was removed by aspirating the fluid and washing 
the beads. 
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FIG. 1. Ductal infiltrating carcinomas with marked positivity for (4) ER- 
ICA and (B) PR-ICA (X250). 
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The presence of immune reactions in the standards, 
controls, and cytosol samples was detected by a second 
monoclonal antireceptor antibody conjugated with 
horseradish peroxidase. The chromogenic substrate was 
represented by ortophenylendiamine, developing a color 
that was analyzed by a spectrophotometer at 492 nm and 
allowed a measurement of bound receptor conjugate, ex- 
pressed as femtomoles/milligram of protein. The sensi- 
tivities of ER-EIA and PR-EIA reported by the manufac- 
turer were 1.0 and 1.5 fmol/mg protein, respectively. 


Statistical Analysis 


The correlation between the percentage of positive cells 
by ICA and the concentrations of the receptors by EIA 


r,-0.54 p<0.001 
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was analyzed by a nonparametric method (Spearman's 
correlation coefficient). Chi-square cross-correlation 
analysis was used to obtain the results in the tables. 


RESULTS 


The histotypes of the carcinomas were as follows: 161 
(86%) ductal infiltrating, 16 (8%) lobular infiltrating, 3 
(2%) medullary, 5 (3%) mucinous, | (0.5%) inflammatory. 
and | (0.5%) papillary. 


Correlation Between ER-ICA and ER-EIA 


One hundred twenty-nine (69%) of 187 tumors were 
ER-ICA positive (ER-ICA+). A good correlation (r, 
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FiG. 2 ( upper). A. Relationship between the percentage of positive cells by ER-ICA and the concentration of ER by EIA. B. The correlation was lost 
taking into account only the specimens with ER concentrations of <15 fmol/mg protein by EIA. 


FiG. 3 (lower). A. Relationship between the percentage of positive cells by PR-ICA and the concentration of PR by EIA. B. The correlation was lost 
taking into account only the specimens with PR concentrations of «30 fmol/mg protein by EIA. 
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= 0.54; ju 0.001) was demonstrated between the per- 
centage of cells positive by ER-ICA and the concentration 
of ER by EIA (Fig. 24). This correlation was lost when 
only those specimens with ER concentrations of <15 
fmol/mg protein by EIA were considered (Fig. 28). In this 
series, 136 tumors (72.7%) had ER values of >15 fmol/ 
mg protein, and 118 of the tumors (86.8%) had positive 
results by ICA. When these values are taken into account, 
the concordance between the results obtained with the 
two methods was 84.5% (P « 0.0001) (Table 1); discordant 
results were obtained in 29 specimens. 


inl Between PR-ICA and PR-EIA 


Forty-eight of 100 tumors were PR-ICA positive (PR- 
ICA+). The positive relationship between PR concentra- 
tions by EÍA and the percentage of positive cells by ICA 
was high (1, — 0.55; P « 0.001) (Fig. 34). The EIA and 
ICA results were found to be unrelated when only the 
specimens with PR concentrations of x30 fmol/mg pro- 
tein by EIA were analyzed (Fig. 3B). Fifty-three tumors 
had PR-EIA concentrations of >30 fmol/mg protein, and 
37 (69.8%) had positive results by ICA. When these values 
are considered, the concordance between the two methods 
was 73% (P < 0.0001); discordant results were obtained 


in 27 specimens (Table 2). 


| 
Analysis of Discrepancies Between ICA and EIA 
Results 





Estrogen Receptor. Eleven tumors (5.9%) were ICA 
positive (ICA+), EIA negative (EIA—). Histologic ex- 
amination of this group showed significant stromal pro- 
liferation associated with very low epithelial cell numbers 
in eight specimens (Table 3). Eighteen tumors (9.6%) were 
ICA negativ (ICA —), EIA positive (ETA+-). In this group, 
ten bene Os showed focal and weak nuclear staining. 
Five tumors demonstrated immunostaining in normal 
epithelium adjacent to ICA— malignant cells, and non- 
specific staining was found in one tumor (Table 3). 


Progesterone Receptor. Eleven neoplasms were ICA+, 


TABLE 1. DISTRIBUTION OF ER ACCORDING 
| TOICA AND EIA METHODS 





ICA 
EIA | 
+ 118 18 136 
-— 11 40 St 
Totals 129 58 187 





| 
Concordance: 158/187 (84.5%). P « 0.0001. 
ER-ICA: positive if 10976 stained cells. 
ER-EIA: positive if 15 fmol/mg protein. 
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TABLE 2. DISTRIBUTION OF PR ACCORDING 
TO ICA AND EIA METHODS 





ICA 
+ z= 
EIA 
+ 37 16 53 
_ 11 36 47 
Totals 48 52 100 


Concordance: 73/100. P « 0.0001. 
PR-ICA: positive if > 10% stained cells. 
PR-EIA: positive if >30 fmol/mg protein. 


EIA-, of which 3 showed marked fibrosis with low epi- 
thelial cell content. In four specimens, the prevalence of 
ICA cells was low (15-30%), and, in one tumor, normal 
ducts and lobules that lacked immunostaining were scat- 
tered among the malignant tissue (Table 3). Sixteen spec- ` 
imens were ICA—, EIA+. Six tumors showed positive 
staining in the normal breast epithelium adjacent to neo- 
plasms, five exhibited nonspecific staining, one showed 
focal staining, and another displayed a low percentage 
(1095) of positive cells, but these had intense nuclear 
staining (Table 3). 


DISCUSSION 


Good correlation has been demonstrated recently be- 
tween immunoenzymatic and DCC assays for ER and 
PR. 3-16 Tt is interesting that the concordance of the results 
obtained from these methods is considered to be excellent 
for cytosol samples with steroid receptor values of > 10 
fmol/mg protein.'9?* Nevertheless, the cutoff value for 
ER and PR positivity in the EIA procedure has not been 
determined, with suggestions ranging from 10 to 50 fmol/ 
mg protein. !?-1620 

Several studies also have shown a correlation between 
immunocytochemical and biochemical DCC results, in 
the evaluation of steroid receptors in breast cancer.9?.!7-1? 
Furthermore, various authors have demonstrated a rela- 
tionship between the results obtained by EIA and ICA in 
ER evaluations.”°*! Thus far, similar data are not available 
for PR. 

In this study, we examined the association between EIA 
and ICA for ER and PR determinations, using the same 


monoclonal antibodies for both techniques. We must 


point out that the receptor site reacting with the mono- 
clonal antibody is not necessarily the same as that binding 
the corresponding hormone.”* This concept is important 
in the evaluation of breast tumors in premenopausal pa- 
tients, whose receptors may be occupied by endogenous 
hormones. 
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TABLE 3. ANALYSIS OF DISCORDANT CASES 


Possible Cause of 


n (ER) n (PR) Discordance 
ICA+, EIA— 8 3 Low epithelial cellularity 
4 Low positivity at ICA 
| Tumor cells scattered among 
normal ICA-negative 
structures 
3 3 Unexplained 
Totals 11 11 
ICA-, EJA+ 10 ] Focal positivity at ICA 
] Low (10%) positivity with 
marked staining intensity 
at ICA 
5 6 Positivity of normal ducts 
and lobules 
1 5 Aspecific (cytoplasmic) 
staining 
2 3 Unexplained 
Totals 18 16 


In our series, the distribution of ER, by EIA or ICA 
methods, was similar to that reported by others. We also 
confirmed a good relationship between the results ob- 
tained by EIA and ICA in the evaluation of ER status. 
Furthermore, using various concentrations of ER (EIA), 
we have demonstrated that this correlation is lost when 
one only considers specimens with ER values of <15 fmol/ 
mg protein. 

The results reported for PR determinations by EIA and 
DCC are contradictory. Noguchi and associates!? dem- 
onstrated an excellent correlation between these tech- 
niques (concordance, 91.4%). In contrast, Smyth and 
associates? and Raam and Vrabel reported that they 
had obtained false-positive results with the EIA method, 
with a cutoff value of 10 fmol/mg protein for both DCC 
and EIA. Furthermore, Raam and Vrabel have reported 
that the quantity of PR sites in cytosol samples measured 
by DCC did not correlate well with PR values as measured 
by EIA.” 

Using the same monoclonal antibody provided by Ab- 
bott Laboratories, Pertschuk and associates'* documented 
a good correlation between the PR values as measured 
by ICA and DCC. Data are not available for PR on the 
relationship between EIA and ICA. 

In our study, we observed a prevalence of PR-EIA+ 
and PR-ICA+ tumors that is similar to that reported by 
others, and a good correlation was found between these 
techniques. In analyses of various concentrations of PR 
in the EIA method, this correlation was lost when the 
only tumors considered had a PR content of <30 fmol/ 
mg protein. 

The possible causes of discordance between the results 
obtained by EIA and ICA were examined. A low epithelial 


cellularity was generally present in ICA+, EIA— speci- 
mens. Focal positivity by ICA and the positivity of normal 
peripheral ducts or lobules were found frequently in 
ICA-, EIA + specimens. In six EIA+ cases (five PR+ and 
one ER+), nonspecific cytoplasmic staining was identified 
by ICA. This finding may be explained by implicating the 
presence of unquenched endogenous peroxidase, causing 
nonspecific reactivity with the detection system in the two 
methods. 

In this study, we demonstrated that ICA and EIA 
methods show good correlation in the evaluation of ER 
and PR status in breast cancers. Regression analysis in- 
dicated that this relationship was lost with ER and PR 
concentrations of x15 and x30 fmol/mg protein, respec- 
tively. Therefore, we suggest that these values be used as 
cutoffs for steroid receptor positivity in breast cancer when 
an EIA is used. The analysis of discordant cases indicates 
the importance of the evaluation of tumor cellularity and 
of focal or limited positivity by ICA in normal structures 
outside the neoplasm. Because immunocytochemical 
techniques cannot provide quantitative determinations 
but permit the evaluation of receptor distribution within 
the tumors, it is suggested that biochemical and histo- 
chemical methods should be employed together for steroid 
receptor determinations in breast cancer. This recom- 
mendation must be confirmed by clinical follow-up, par- 
ticularly in discordant cases. 
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Immunocytochemical Analysis of 
Progesterone Receptors in Breast Cancer 


SHAHLA MASOOD, M.D.,! SUPRANEE DEE, M.D.,! AND JEFFREY D. GOLDSTEIN, M.D.’ 


Breast cancer specimens from 116 patients were assayed for the 
presence of progesterone receptor (PR), with the use of a highly 
specific monoclonal antibody and the peroxidase—antiperoxidase 
technique on cryostat and permanent sections. Results were 
compared with those obtained by the conventional PR deter- 
mination by dextran-coated charcoal (DCC) assay; they were in 
concordance in 90% of cryostat sections and 85% of paraffin- 
embedded tissue. The sensitivity and specificity of the PR im- 
munocytochemica! assay (PR-ICA) were 91% and 89% for frozen 
sections and 83% and 89% for permanent sections, respectively. 
The immunostained slides also were evaluated for several semi- 
quantitative features, including staining intensity, heterogeneity 
of staining, and the proportion of positive tumor cells. A statis- 
tically significant correlation was found between the percentage 
of tumor cells stained with the PR immunocytochemical tech- 


The presence of estrogen receptor (ER) in breast cancer 
not only predicts the response to hormone therapy, but 
is also a powerful independent prognostic factor.!? Thus, 
treatment options often are based on identification of ER 
in tumor tissue. Recent studies also suggest that assess- 
ments of progesterone receptor (PR) are equally or more 
valuable than those of ER in predicting the disease-free 
interval in patients with breast cancer.^? Therefore, mea- 
surement of ER and PR in tumor tissue is very important 
in patients with breast cancer.’ 

In addition to conventional biochemical assays, pro- 
duction by Greene and associates? and King and Greene? 
of a highly specific monoclonal antibody directed against 
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nique and the PR-cytosol levels (P < 0.05). These results suggest 
that the PR-ICA is an effective tool in the evaluation of PR 
content in breast cancer and can be applied in paraffin as well 
as frozen sections. This technique provides excellent morphologic 
detail, as well as tissue localization for PR. It also offers an 
alternative for assessment of PR when fresh tissue is not available 
for conventional hormone receptor analysis. The immunocyto- 
chemical assay can be performed easily at community hospitals. 
Because it requires only a small amount of tissue, PR-ICA is an 
ideal method for analyzing specimens of insufficient size for the 
DCC assay. This technique also is suited to the evaluation of 
fine-needle aspiration biopsy specimens. (Key words: Proges- 
terone receptor immunocytochemical assay; Dextran-coated 
charcoal assay) Am J Clin Pathol 1991;96:59-63 


ER opened a new vista for immunocytochemical local- 
ization of ER protein. Since then, an immunoperoxidase 
technique using a specific monoclonal antibody to ER 
has been used repeatedly in immunocytochemical local- 
ization of ER protein in human breast tumors. This assay 
is very specific and sensitive.!0-!? 

A monoclonal antibody against PR only recently has 
become available; therefore, unlike ER, it has noi yet been 
studied extensively. This prompted us to further evaluate 
immunocytochemical localization of PR in breast tumor 
tissue. 

This article compares the immunocytochemical assay 
for PR with conventional biochemical analysis of receptor 
content in both fresh-frozen and formalin-fixed, paraffin- 
embedded breast tumor tissue. The biochemical assay is 
used as the standard, and the data are analyzed statistically 
to determine the sensitivity and specificity of the PR im- 
munocytochemical assay (PR-ICA). A semiquantitative 
PR-ICA score is correlated with the PR level expressed 
in femtomoles/milligram protein. 


MATERIALS AND METHODS 


One hundred sixteen specimens from malignant breast 
tumors, received during a 32-month period, were used in 
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this study. Breast tissue was received fresh for intraoper- 
ative consultation in the surgical pathology laboratory. 
Immediately after a diagnosis of cancer was established 
by frozen section or cytologic smears, a portion of the 
malignant tissue carefully was selected for the study and 
trimmed of adjacent fat and grossly benign breast paren- 
chyma. Both the immunochemical and biochemical as- 
says were performed by subdividing this single piece of 
tumor. Tissue for PR-ICA was frozen and stored at —70 
°C until further processed. Tissue was stored no longer 
than six months before staining. The remaining half of 
the sample was quick frozen and submitted to a com- 
mercial laboratory (SmithKline BioScience) for the dex- 
tran-coated charcoal (DCC) biochemical assay. A positive 
biochemical assay was defined as a value greater than 10 
fmol/mg of tissue protein. 

The reagents used in the PR-ICA were donated by Ab- 
bott Laboratories (Chicago, IL) and used as suggested by 
the supplier. Cryostat frozen sections of breast tumors 
were fixed immediately in 3.7% formaldehyde-phosphate- 
buffered saline (PBS) for 15 minutes. Sections then were 
washed in PBS (0.01 mol/L, pH 7.4) for at least 5 minutes, 
immersed sequentially in cold methanol and acetone (both 
at —10 ?C) for 3 minutes each, and then rinsed again in 
PBS. After this procedure, the sections were incubated 
successively in the following immunoreagents, with the 
appropriate PBS rinse: blocking reagent (normal goat 
serum) for 15 minutes, primary antibody (monoclonal 
antibody against PR, KD68) or negative control antibody 
for one hour, bridging antibody (goat antirat immuno- 
globulin) for one hour, and peroxidase-antiperoxidase 
(PAP) for one hour. After a final rinse in PBS, sections 
were incubated in the chromogen substrate solution (di- 
aminobenzidine [DAB], hydrogen peroxide, PBS) for 8 
minutes, rinsed in tap water, counterstained with dilute 
Harris hematoxylin, dehydrated, and coverslipped. The 
positive and negative control slides were treated similarly. 
PR-positive cells exhibited dark brown nuclear staining. 

So that the potential value of PR-ICA could be assessed 
in formalin-fixed, paraffin-embedded tissue, the frozen 
tissue of the cases in this study in which PR analysis had 
been performed by biochemical DCC assay and PR-ICA 
were retrieved from our tumor bank and submitted for 
tissue processing. Paraffin tissue blocks were cut 4 um 
thick, placed on Elmer's Glue?-coated slides, dried in an 
oven at 55 °C, deparaffinized in xylene, and hydrated and 
rinsed in 0.05 mol/L TRIS buffer (pH 7.4 at 25 °C). The 
sections then underwent PR-ICA as described previously. 
No enzyme pretreatment was necessary for PR immu- 
nostaining. 

Two independent observers examined the test slides 
microscopically and recorded their findings. Results of 
immunostaining were expressed as the ratio of positive 


tumor cells-total tumor cells. The intensity of staining 
was evaluated on a scale ranging from negative through 
3+. The strongest nuclear staining, exemplified by normal 
breast ductal cells, was defined as 3+; moderate brown 
staining as 2+; and faint and light nuclear staining as 1+. 
Negative cells were pale and did not stain. Trace reactions 
were considered negative. A tumor was considered “neg- 
ative for PR" if all the neoplastic cells were negative; it 
was judged “positive for PR” if any neoplastic cells were 
read as I+ or greater. 

The data obtained were analyzed statistically for ac- 
curacy, sensitivity, and specificity. Accuracy reflects the 
degree the PR-ICA classification of cases agreed with clas- 
sification as determined by the biochemical values. Sen- 
sitivity was expressed as the percentage of biochemically 
positive cases that were positive by the immunoperoxidase 
technique (percent true positive), and specificity was ex- 
pressed as the percentage of biochemically negative cases 
that were negative by the immunoperoxidase technique 
(percent true negative). 

For semiquantitative analysis, the overall staining in- 
tensity was multiplied by the fraction of positive cells; 
then this numeric value, designated the PR-ICA score, 
was compared with the PR content, expressed as femto- 
moles per milligram of protein. P values were obtained 
with a 2 X 2 contingency table and the chi-square test. 


RESULIS 


In this study, of the 116 patients with breast cancer, 93 
had infiltrating duct cell carcinoma, 16 had lobular car- 
cinoma, 4 had medullary carcinoma, and 3 had papillary 
carcinoma. The patient's ages ranged from 31 to 93 years. 

Positive staining for PR was restricted to the nuclei of 
neoplastic cells (Fig. 1). Most of the specimens examined 
were composed of varying proportions of positive and 
negative tumor cells. The number of positive tumor cells 
in the cases studied ranged from 20% to more than 95%. 
There was no case with positive findings for PR in which 
less than 20% of tumor cells showed brown nuclear stain- 
ing. So, in reality, cases that were considered positive were 
those with nuclear staining in =20% of tumor cells ex- 
pressing staining intensity of at least 1+. No evidence of 
nuclear staining was seen in negative cases. Heterogeneity 
of staining was conspicuous. Overall, infiltrating duct cell 
carcinomas displayed greater PR heterogeneity compared 
with lobular carcinomas. Lobular carcinomas often 
showed diffuse and uniform patterns of nuclear staining. 

The comparative results of this study are summarized 
in Tables 1-4. Table 1 shows the comparison of PR-ICA 
values on frozen sections with the DCC assay biochemical 
values. Forty-two patients (36%) had negative results by 
both methods, and 63 patients (5496) had positive results 
by both immunoperoxidase and biochemical determi- 
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FiG. | (upper). Infiltrating, ductal carcinoma showing nuclear staining for progesterone receptor with monoclonal antibody. Antiprogesterone receptor 


protein immunostain (X400). 


nations. Six biochemically positive specimens were not 
detected by the immunocytochemical technique. Five 
specimens with PR-negative results by the DC C assay had 
positive immunostaining. In comparison with the bio- 
chemical method, the immunocytochemical assay showed 
a sensitivity of 91% and specificity of 89%. Overall ac- 
curacy was 90% (Table 2). 

With the use of paraffin-embedded tissue sections, there 
was an overall 85% concordance between PR-ICA and 


TABLE 1. COMPARISON OF DEXTRAN-COATED CHARCOAL 
ASSAY WITH PROGESTERONE RECEPTOR 
IMMUNOCYTOCHEMICAL ASSAY ON 116 FROZEN 
SECTIONS OBTAINED FROM PATIENTS 
WITH BREAST CANCER 


co Immm 





PR-ICA* 
DCCA* No. of 
(fmol/mg) Cases Negative Positive 
<10 47 42 5 
>10 69 6 63 


NO 


* Dextran coated charcoal assay in femtomole/milligram protein. 
+ Progesterone receptor immunocytochemical assay. 


DCC assay results, with a sensitivity of 83% and specificity 
of 89% (Tables 2 and 3). No statistically significant dif- 
ference (P > 0.05) was found between the results of PR- 
ICA on frozen and formalin-fixed, paraffin-embedded tis- 
sue. As shown in Table 4, there is an overall 84% con- 
cordance between the PR-ICA results of frozen sections 
and formalin-processed tissue. Biochemical values for the 
so-called “false-negative” cases ranged from 4! to 220 
fmol/mg protein. Cases that were biochemically negative 


TABLE 2. DIAGNOSTIC ACCURACY, SENSITIVITY, AND 
SPECIFICITY OF PROGESTERONE RECEPTOR 
IMMUNOCYTOCHEMICAL ASSAY ON FROZEN 
AND PARAFFIN SECTIONS COMPARED 
WITH BIOCHEMICAL VALUES 


Ene 


Diagnostic 
Accuracy No. Sensitivity Specificity 
PR-ICA* (%) No. (%) No. (%) 
a aama 
Frozen sections 105/116 90% 63/69 914 42747 89% 
Paraffin sections 99/116 85% 57/69 83% 42747 89% 


* Progesterone receptor immunocvtochemical assay. 
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TABLE 3. COMPARISON OF DEXTRAN-COATED CHARCOAL 
ASSAY WITH PROGESTERONE RECEPTOR ASSAY ON 116 
PARAFFIN SECTIONS OBTAINED FROM PATIENTS 


WITH BREAST CANCER 
eee 





PR-ICA* 
DCCA* No. of 
(fmol/mg) Cases Negative Positive 
<10 47 42 9 
>10 69 12 37 


———————————ÀÀÀ 


* Dextran-coated charcoal assav in femtomole/miligram protein. 
+ Progesterone receptor immunocytochemical assav. 


(DCC assay level < 10 fmol/mg protein) and immuno- 
peroxidase positive were labeled as having false-positive 
results; however, the alternative explanation. namely that 
the biochemical assay was inadequate because of sampling 
error, tumor heterogeneity, or loss of binding capacity 
during storage and transport, should be considered seri- 
ously. In these cases, PR-ICA could identify tumors with 
DCC assay levels ranging from 7 to 9 fmol/mg cytosolic 
protein. These were cases with 35-60% of tumor cells 
showing 1+ to 2+ brown nuclear staining. 

The relationship between PR results obtained by the 
DCC assay and the semiquantitative PR-ICA results is 
shown in Figure 2. A statistically significant correlation 
(P « 0.05) was found between the intensity and hetero- 
geneity by immunocytochemical staining and biochem- 
ically determined PR levels. 


DISCUSSION 


The demonstration of ERs in human breast cancer by 
Jensen and associates!^ in 1971 has provided important 
information about the role of estrogen in maintaining the 
growth of breast cancer. Jensen and colleagues were also 
the first to suggest that the presence of ERs in breast cancer 
was correlated with response to endocrine therapy. This 
observation has been confirmed repeatedly by several 
other investigators.*'> Despite this knowledge, more than 
40% of ER-positive tumors do not respond to endocrine 
therapy.? Several strategies have been developed to in- 
crease the accuracy of selecting patients for endocrine 
therapy. Among the most promising are the simultaneous 


TABLE 4. COMPARISON OF PROGESTERONE RECEPTOR 
IMMUNOCYTOCHEMICAL ASSAY ON PARAFFIN 
AND FROZEN SECTIONS 


Paraffin Sections 





No. of 
Frozen Sections Cases Negative Positive 
Negative 48 42 6 


Positive 68 12 56 
eee 


Concordance 98 of 116 (84%). 
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FIG. 2 (/ower). Comparison of dextran-coated charcoal and progesterone 
receptor immunocytochemical assays on frozen tissue by 116 patients 
with breast cancer. 


determination of PR'^ and the development of more 
practical techniques for evaluating ER and PR proteins.’ 

Recent data from several studies indicate that PR. as 
an end product of estrogen action, is an even better in- 
dicator of favorable prognosis and endocrine responsive- 
ness than ER in breast cancer.^ Most studies on PR con- 
tent of breast tumor tissues have relied on steroid-binding 
assays performed with radiolabeled progestins. These as- 
says, involving homogenization of the tissue, do not lo- 
calize the receptor to specific cells. Thus, no information 
is available about the intensity, proportion, and distri- 
bution of receptor-containing cells. 

If receptor heterogeneity is an indicator of cancers that 
are less likely to respond to endocrine therapy because of 
the presence of autonomous ER- and PR-negative tumor 
cells, the ability to identify such cells may be important 
in determining the appropriate therapy and the course of 
the disease.'’ In addition, current biochemical assays re- 
quire from 0.5 to 1 g of tissue and are not suitable for 
assessment of PR content of small tumors, metastatic ef- 
fusions, and needle biopsy specimens. Furthermore, con- 
ventional biochemical assays for measuring PRs require 
expensive ultracentrifugation equipment. scintillation 
counters, and radiolabeled chemicals. C onsequently, these 
methods are used only in commercial laboratories and 
large medical centers. 

In our hands, the PR content identified by nuclear lo- 
calization by anti-PR monoclonal antibody in breast tu- 
mor tissue compared favorably with the PR content mea- 
sured biochemically in these lesions. A high degree of 
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concordance was found between DCC assay biochemical 
values and the results of the immunoperoxidase technique. 

The discrepancies between the results of the PR-ICA 
and the DCC assay may be explained on the basis of sam- 
pling, tumor heterogeneity, and loss of immunoreactivity 
or binding capacity during storage and transport. The 
presence of intermixed benign epithelial components, 
which frequently may be included in the biochemical as- 
says, is another major factor contributing to “false-neg- 
ative" results by the immunostaining technique. Review 
of our false-negative immunocytochemical cases revealed 
the presence of PR-negative tumor cells surrounded by 
brown nuclear staining in adjacent nonneoplastic epithe- 
lial cells. 

With the use of a simple score based on heterogeneity 
and staining intensity for semiquantitation of PR-ICA, it 
was possible to show a statistically significant correlation 
between PR levels assayed biochemically and those esti- 
mated by PR-ICA. 

In the current investigation, we also have demonstrated 
that PR-ICA can be applied reliably in the detection of 
PR in formalin-fixed, paraffin-embedded tissue. This will 
provide a suitable alternative when fresh tumor tissue 1S 
not available or suitable for biochemical assay or conven- 
tional immunocytochemical assay. This technique also 
has the potential to be used in retrospective hormone re- 
ceptor studies of patients with breast cancer with known 
clinical outcome. 

In the current study, the immunostaining results in both 
paraffin-embedded and frozen sections correlate well with 
each other and with the values obtained by the DCC assay. 
However, as shown in Table 2, although this technique 
is highly specific, PR-ICA is less sensitive in permanent 
sections than in frozen sections. The greater number of 
false-negative results in permanent sections, responsible 
for this relative decrease in sensitivity, may result from a 
loss of immunoreactivity during fixation and tissue pro- 
cessing rather than limitation in the sensitivity of this im- 
munostaining technique. Therefore, negative immuno- 
staining results for PR on permanent sections should be 
interpreted with caution. A negative immunostaining re- 
sult for PR on tumor tissue is definitely valid when evi- 
dence of PR expression is seen in benign epithelial com- 
ponents of breast tissue in the same block of tissue ex- 
amined. 

Overall, this study shows that an immunocytochemical 
technique using a specific monoclonal antibody against 
PR (KD68) can detect PR in breast tumor cells. Further- 


more, a semiquantitative estimate of PR content is pos- 
sible. Additional investigation is warranted, especially in 
consideration of the potential value in assessment of PR 
status in fine-needle aspirates and malignant effusions. 
We are extending our investigation into these areas and 
evaluating the use of computer-assisted image analysis for 
quantitation of hormone receptors. 
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Automated Procedure for Dewaxing and 
Rehydration of Paraffin-Embedded Tissue 
Sections for DNA Flow Cytometric 
Analysis of Breast Tumors 


JEANNETTE BABIAK, B.Sc., AND SIBRAND POPPEMA, M.D., PH.D. 


Flow cytometric DNA analysis of paraffin-embedded tumors is 
an important diagnostic and prognostic tool in clinical pathology. 
The technique is limited, however, by the time-consuming mul- 
tistep procedure for dewaxing and rehydrating tissue. The authors 
developed an automated procedure to complete the dewaxing 
and rehydration of tissue using a routine histologic tissue pro- 
cessor with a 24-hour timer. This technique provided excellent 
tissue recovery and reproducible DNA histograms comparable 


to those obtained by manual methods. Subsequently, the authors 
analyzed the DNA content of 93 paraffin-embedded breast cancer 
tissues. The automation of a significant portion of the routine 
processing required for paraffin-embedded tissue makes cyto- 
metric DNA analysis a more practical procedure in the labora- 
tory. (Key words: Flow cytometry; Paraffin-embedded tissue; 
Tissue processing; DNA analysis) Am J Clin Pathol 199]; 96: 
64-69 


eS 


Flow cytometric analysis of DNA content in single cells 
rapidly and accurately determines the cell cycle distri- 
bution and ploidy. Hedley and associates! recently de- 
veloped a technique that allows the flow cytometric 
quantitation of cellular DNA content in previously par- 
affin-embedded pathologic material. This method has 
permitted numerous retrospective studies evaluating the 
presence or absence of DNA-aneuploid stemlines and cell 
cycle distribution. The study of paraffin-embedded tissues 
still has many limitations: (1) the time-consuming and 
laborious multistep procedure for dewaxing and rehy- 
drating tissue; (2) the inability to use routine internal 
standards in formalin-fixed tissue; (3) the effect of tissue 
fixation on ploidy analysis; and (4) relatively poor reso- 
lution compared with that of fresh material. To improve 
this difficult technique, we developed an automated pro- 
cedure to complete the dewaxing and rehydration of tissue 
while it is in a single processing and embedding cassette. 
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In this article, we report the efficiency of this automated 
technique in a study of paraffin-embedded breast cancer 
tissues. 


MATERIALS AND METHODS 


Tissue Preparation 


Ninety-three samples from 69 patients were analyzed 
for cellular DNA content. The patients’ slides were re- 
viewed, and, where possible, at least two representative 
blocks of normal and malignant paraffin-embedded tissues 
were selected for DNA flow cytometry. The appropriate 
blocks were retrieved, and three 50-um sections were cut 
from each of them. Occasionally, more sections were re- 
quired if the tissue block was small. To determine the 
tissue representation and confirm the original diagnosis, 
a routine 5-um section also was cut after each series of 
50-um sections and stained with hematoxylin and eosin. 

Before all 93 samples were analyzed. the manual and 
automated dewaxing and rehydrating methods were 
compared side by side, using an identical set of samples 
(five breast carcinomas, one lymph node), to determine 
the reproducibility of the two techniques. Briefly, for the 
manual method, a modification of the procedure of Hed- 
ley and associates! was used. Tissue sections were placed 
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Dewaxing and Rehydration of Tissue 


in glass centrifuge tubes and dewaxed with three changes 
of xylene (3 mL for 10 minutes at room temperature) and 


rehydrated in a series of ethyl alcohol strengths (3 mL of 


100. 95. 70. and 50% for 10 minutes each) at room tem- 
perature. The tissue then was washed twice in distilled 
water. In the automated method, each set of sections was 
placed in an aspiration bag (Shandon Inc., Pittsburgh, 
PA) and enclosed in a processing and embedding cassette. 
The cassettes were placed in a metal cassette carrier that 
holds as many as 30 cassettes. 

The tissue was dewaxed with three changes of xylene 
and rehydrated in the same series of graded ethanols used 
in the manual method, followed by two final washes in 
distilled water. The solutions were kept in 1-L volumetric 
beakers and arranged sequentially on a tissue-processing 
machine (Sakura Fine Technical Company, Ltd., Tokyo, 
Japan) (Fig. 1). The entire multistep dewaxing and re- 
hydrating procedure was performed automatically on the 
tissue processor, as the cassette carrier rotated sequentially 
from one solution to the next. 
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The processor was equipped with a 24-hour à itomatic 
timer, vielding a minimum incubation interval of 30 
minutes in each solution. To initiate automated dewaxing 
and rehydration, the samples first were placed in 
beaker with the timer set to rotate the cassette 
the first dewaxing solution within 15 minutes. Once the 
carrier passed through all the required solutions. it re- 
mained in the last beaker of distilled water until it was 
removed from the processor. Uniform mixing was ensured 
throughout the procedure, as the tissue processor contin- 
uously rotated the cassette carrier from left to right. After 
the final wash in distilled water. the cassette carrier was 
removed and each cassette was opened. [he tissue was 
removed from the aspiration bags with fine-tip forceps. 
placed in 1.5-mL polypropylene Eppendorf tubes ( Brink- 
mann Instrument Company, Westbury, NY), and minced 
with straight scissors while immersed in distilled. water. 
Tissue that was dewaxed and rehydrated manually was 
minced and digested enzymatically in the same manner 
as that which was prepared automatically. 


a dry 


arrier into 


FIG. 1. Routine histologic tissue processor equipped with a 24-hour timer to automatically commence dewaxing and rehydration of parathn-embedde 


tissue. A metal cassette carrier is used to hold multiple processing and embedding cassettes. Volumetric beakers (1.000 mL) contain 


through which the cassette carrier sequentially rotates. 
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The tissue was transferred to 15-mL tubes. centrifuged 
(all centrifugations were for 10 minutes at 500 x 2,4 °C), 
and resuspended in | mL of 0.5% (weight/volume [w/v]) 
pepsin (Sigma Chemical Company, St. Louis. MO) in 
0.9% (w/v) NaCl (adjusted to pH 1.5 with 2 N HCl) con- 
taining 3% (w/v) polyethylene glycol (PEG) 6000. The 
tubes were placed in a 37 °C water bath for 30 minutes, 
with brief vortexing at 5-minute intervals. The resulting 
nuclei then were filtered through a 53-um nylon mesh 
(Spectrum Medical Industries, Inc., Los Angeles, CA) into 
a clean 15-mL centrifuge tube, and the pH was neutralized 
by increasing the volume to 5 mL with cold 25 mmol/L 
HEPES-Hank's balanced salt solution (HBSS) containing 
3% (w/v) PEG 8000 and 0.02% (w/v) azide. The suspen- 
sions were centrifuged, and the nuclear pellets were re- 
suspended in 2 mL HEPES-HBSS. An aliquot was re- 
moved for determination of nuclear yield, to ensure that 
recovery was no greater than 2 X 10° cells/mm?. When 
nuclear counts exceeded this figure, an appropriate aliquot 
was removed for DNA staining. It was found that samples 
could be stored in this solution for several days under 
refrigeration at 4 °C , 


DNA Staining 


The suspensions were centrifuged and resuspended in 
0.5% (w/v) paraformaldehyde in phosphate-buffered saline 
(PBS), at a concentration of 1-2 x 10° nuclei/mL, for 10 
minutes at 4 °C. After another centrifugation, | mL of 
cold 0.1% (v/v) Triton X-100* (Sigma Chemical Com- 
pany, St. Louis, MO) in PBS was added to the samples 
and left to incubate on ice for 3 minutes, to render the 
nuclei permeable to the staining fluorochrome. Again, the 
nuclei were centrifuged and resuspended in RNAse (0.180 
units/L in PBS) for 30 minutes at 37 °C to remove residual 
RNA. After centrifugation, the nuclei were stained with 
50 ug/mL propidium iodide (PI) (Sigma) in PBS. All PI- 
stained samples incubated for at least 30 minutes before 
flow cytometric analysis. 


Flow Cytometric Analysis 


The stained nuclear suspensions were analyzed using 
a FACScan" flow cytometer (Becton Dickinson Immu- 
nocytometry Systems, San Jose, CA), with a 488-nm argon 
laser as an excitation source. Instrument calibration and 
performance were monitored with CaliBRITE® beads and 
the Autocomp™ software designed by Becton Dickinson 
Immunocytometry Systems. Information regarding in- 
strument linearity and resolution was obtained by ana- 
lyzing ethanol-fixed chicken erythrocyte nuclei. Before 
flow analysis, each sample was passed several times 
through a 25-gauge needle with a syringe and filtered 
through a 53-um nylon mesh filter. At least 20.000 events 
were measured per sample, and low flow rates (12 uL/ 


minute) were used to maximize resolution. The DNA in- 
dex (DI) and cell cycle distribution were determined with 
the CELLFIT™ software developed by Becton Dickinson. 


RESULTS 


After comparison of the results of the same set of sam- 
ples (five carcinomas, one lymph node) that were prepared 
manually and automatically, no significant differences 
were identified. The coefficients of variance (CVs) were 
comparable in both sets, no loss of aneuploid populations 
was detected, and the DNA staining patterns were unre- 
markable as judged by the reproducible histograms 
(Fig. 2). 

After the two methods were compared side by side, 93 
specimens from 69 node-negative breast cancer patients 
were prepared automatically and evaluated. The tissues 
included 24 uninvolved lymph nodes and 69 breast car- 
cinomas of various types. Only one tumor Sample was 
rejected because of significant baseline debris and an un- 
interpretable histogram. Of the remaining 68 carcinomas. 
the quality of the DNA histograms was acceptable in 90% 
(61 of 68) of the samples analyzed. Although appearing 
diploid, seven tumor samples had significantly greater and 
unacceptable CVs (8.3-16.2). (In this study, the CV of 
the Go/G; peak width of all tumors had to be less than 
5.0 for the specimen to be considered interpretable for 
ploidy status). 

Although no external standard can be used to identify 
the diploid population positively in paraffin-embedded 
material, 24 normal uninvolved lymph nodes were avail- 
able as diploid standards. In the tumor samples in which 
an external diploid standard was available, most (20 of 
24) Go/G, peaks coincided with the peak that was defined 
as diploid in the lymph nodes. Four tumors had single 
Go/G, peaks that did not coincide with the defined normal 
populations. 

The DI was determined according to a recently sug- 
gested convention on nomenclature for DNA cytometry.” 
Therefore, DI was defined as the ratio of the mode of the 
relative DNA content of the Go/G, cells of the Sample 
divided by the mode of the relative DNA measurement 
of the diploid Go/G, reference cells. By definition, cells 
with a normal diploid karyotype have a DI of 1.0. A DNA 
histogram was said to contain a DNA aneuploid popu- 
lation when at least two separate Go/G, peaks were dem- 
onstrated. For the paraffin-embedded samples, the first 
peak in the histogram was considered as a normal diploid 
standard. Of the 61 tumor samples examined. 25 (41%) 
were diploid and 36 (59%) were aneuploid. The distri- 
bution of DIs ranged from 1.08 to 2.17. The mean CVs 
for the Go/G, peak of the diploid and aneuploid tumors 
were 4.54 and 4.18, respectively. Representative DNA 
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FIG. 2. Side-by-side comparison of the DNA histograms from the same set of samples prepared manually and automatically. The number of particles 
is given on the vertical axis and DNA content (channel numbers) on the horizontal axis. Coefficient of variance (CV) of the Go/G, peak of the lymph 
node prepared (A) manually and (8) automatically was 2.8 and 2.9, respectively. CVs of the diploid populations of the tumor prepared (C) manually 
and (D) automatically were 3.6 and 3.3, respectively. Under the same conditions, the CVs of the ancupiols Go/G; peaks were 2.9 and 3.4, respectively. 
DNA indices of the tumor were similar: manual DI = 1.49 and automated DI = 1.48. 


histograms from paraffin-embedded tissue that was de- 
waxed and rehydrated automatically are shown in Fig- 
ure 3. 


DISCUSSION 


The development of a method for flow cytometric DNA 
analysis of routinely prepared paraffin-embedded tissue 
by Hedley and colleagues! has permitted numerous ret- 
rospective clinical studies. The method also allows rare, 
but clinically important, tumors to be studied because 
samples can be pooled from several institutions. More- 
over, It permits assessments of DNA content as an in- 
dependent prognostic variable in patients whose clinical 
outcome 1s known. 

The technique is long and tedious, and we have mod- 
ified it to reduce the laborious and time-consuming mul- 


tistep procedure for dewaxing and rehydrating tissue. With 
most techniques, this step is performed with the tissue in 
glass centrifuge tubes, with serial decantation or aspiration. 
Sickle-Santanello ànd associates? demonstrated the use of 
a specially designed container to hold multiple processing 
and embedding cassettes, to| minimize the time required 
for individual samples to be dewaxed and réhydrated. 
Herein, we report a technical improvement that au- 
tomates this entire step by using a routine histologic tissue 
processor. This method reduces the amount of technol- 
ogist time required to perform this laborious step because 
the timer on the processor ca be set to start the automatic 
dewaxing and rehydration process. When the process is 
started after laboratory hours, samples can dewax and 
rehydrate overnight and be, available early the next day 
for enzymatic digestion. Although the tissue samples in- 
cubate in each solution for| 30 minutes, rather than the 
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previously suggested 10 minutes, this has no effect on the 
reproducibility or the quality of DNA staining. Actually, 
the time of the automated procedure is lengthened, but, 
more importantly, the technique can be performed by a 
machine, freeing the technologist for more productive 
work. 

We found that tissue recovery was excellent, and the 
performance of all steps while the tissue was in an aspi- 
ration bag enclosed in a single cassette minimized the 
chance of losing or fragmenting the tissue. In addition. 
because more samples can be batched during a single run, 
the efficiency of this technique is increased: the cassette 
carrier can hold as many as 30 cassettes. 

Ninety-three samples (69 tumors, 24 uninvolved lymph 
nodes) were prepared automatically after a side-by-side 
comparison of the two methods. There were no significant 
differences in the same set of samples. The resolution 
(CV), recovery of aneuploid populations, and DNA stain- 
ing were all comparable. The 59% frequency of DNA 
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FIG. 3. Examples of DNA histograms prepared by the automatic 
dewaxing and rehydration procedure. A. Diploid tumor, CV 2.8. B. 
Unacceptable DNA distribution of a diploid tumor with a wide coef- 
ficient of variance, CV 9.7. C. Aneuploid tumor. DNA index D.35. 
CVs of the Go/G, peaks of the diploid and aneuploid populations 
were 2.5 and 3.3, respectively. 


aneuploidy for the breast carcinomas in this study agrees 
with a number of previous reports.^? In 24 of the 69 
patients with breast cancer, an external diploid standard 
was available from samples of normal lymph node to help 
characterize ploidy more accurately. In four tumor sam- 
ples, the Go/G, peak did not coincide with the external 
diploid cells, possibly because of differences in fixation 
that we cannot control with the use of archival specimens. 
Seven tumor samples with higher CVs (8.3-16.2) were 
excluded from our analysis because of the risk of over- 
looking near-diploid tumors. Hedley and colleagues sug- 
gested that a greater proportion of paraffin-embedded tu- 
mors have a DI of 1.0, but this is associated with fewer 
near-diploid tumors (i.e., DI >1.0-1.1) when DNA anal- 
vsis is performed on both fresh and paraffin-embedded 
material.'” Hence, our percentage of diploid tumors may 
not be statistically significant because the full extent to 
which an increasing CV leads to loss of near-diploid Go/ 
G, peaks remains uncertain. 
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In conclusion, the technical improvement we have de- 
scribed in this study yields reproducible results and is more 
efficient than previously suggested methods. It opens the 
way for other technical advances to further improve the 
paraffin-embedded technique for DNA flow cytometric 
analysis and to reduce its current limitations. 
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Correlation Between Visual Clues, Objective 
Architectural Features, and Interobserver 
Agreement in Prostate Cancer 


CELSO pi LORETO, M.D.,' BRENDAN FITZPATRICK, M.D.,2 SHELLY UNDERHILL, M.D.,! 
DAE H. KIM, M.S.,! HARVEY E. DYTCH, S.B.,! HUGO GALERA-DAVIDSON, M.D., 
AND MARLUCE BIBBO, M.D., Sc.D.!? 


Three pathologists evaluated a number of designated architec- 
tural features to assign grades to 41 cases of well- to moderately 
differentiated adenocarcinoma, and their opinions were compared. 
The consensus opinion was obtained and evaluated against ob- 
jective measurements of glandular architecture that were obtained 
by morphometric techniques. The observers agreed on gland size, 
gland uniformity, and the number of glands per field in only 49%, 
31%, and 39% of cases, respectively. There were significant dif- 
ferences in the Gleason grades assigned by observers. Paired 
matching of individual Gleason grades showed agreement among 
observers in 44% (18 of 41), 56% (23 of 41), and 75% (31 of 41) 


of cases, respectively. This level of interobserver disagreement 
occurred even though cases with predominant patterns were se- 
lected carefully and those with variable patterns were excluded. 
A direct relationship appears to exist between increasing Gleason 
grade and increasing glandular variability, and there is an inverse 
relationship between Gleason grade, gland lumen area, and the 
number of glandular nuclei, as assessed by a group of patholo- 
gists. (Key words: Grading; Prostate cancer; Morphometry; Ar- 
chitectural features; Gleason grade) Am J Clin Pathol 1991;96: 
70-75 





It is often difficult to grade neoplastic lesions subjectively, 
and the process is prone to significant interobserver vari- 
ation. Although poorly differentiated carcinoma is easy 
to identify, the separation of moderately from well-dif- 
ferentiated lesions is often challenging, even for the ex- 
perienced observer. 

This study explored the use of objective measurements 
to improve the subjective decision-making process in- 
volved in categorizing Gleason grade 2 and 3 (i.e.. well- 
and moderately differentiated) prostatic adenocarcinomas. 
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To achieve this goal, the subjective opinions of three pa- 
thologists were compared, for which they used a number 
of designated architectural features to assign a grade. The 
consensus opinion was obtained and evaluated against 
objective measurements of glandular architecture that 
were obtained by morphometric techniques. 


MATERIALS AND METHODS 


Forty-one patients with adenocarcinoma of the prostate 
were studied. Fourteen specimens were obtained by needle 
biopsy, 12 by transurethral resection of the prostate 
(TURP), and 15 by total surgical prostatectomy. For- 
malin-fixed, paraffin-embedded prostate tissue was cut in 
4-um sections and stained with hematoxylin and eosin. 
Separate sections were stained with the Feulgen method 
for objective measurements. 


Subjective Evaluation 


Needle biopsy specimens were evaluated as a whole. A 
single representative section from prostatectomy and 
TURP specimens was chosen for evaluation. Cases 
of predominantly poorly differentiated adenocarcinoma 
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Grading of Prostate Cancer 


TABLE 1. GLEASON SCORE (WHOLE SLIDE) 
PATHOLOGISTS VERSUS CONSENSUS 


Disagreement 
Pathologist Perfect 
Number Agreement Er r F aa Total 
l 30/41 (73%) 7/41 (17%) 4/41 (9%) 41 
2 28/41 (68%) 10/41 (24%) 3/41 (7%) 41 
3 29/41 (70%) 12/41 (29%) 0/41 (0%) 41 


* Grading score. 


(Gleason grades 4 and 5) were excluded from the study. 
The participants in the evaluation were asked to assess 
the predominant architectural patterns of any given tu- 
mor. To facilitate this process, the areas of interest on the 
slides were circled with a felt-tip pen. The minor tumor 
architectural pattern was considered to be outside the Cir- 
cled areas. 

To determine and evaluate the mechanisms by which 
pathologists assign a tumor grade, the group developed a 
set of visual clues. The final version contained 20 visual 
diagnostic clues, but only 5 features related to tissue ar- 
chitecture were included in the current study: 


I. Separate Gland Type 
A. Predominantly closely packed 
B. Predominantly loosely packed 
Il. Fused Gland Type 
A. Cribriform 
B. Papillary 
IIl. Gland Size (predominant) 
A. Very small 
B. Small 
C. Intermediate 
IV. Gland Uniformity 
A. Uniform 
B. Mildly variable 
C. Variable 
V. Gland Density 
A. Abundant 
B. Moderate 
C. Scanty 





After assessing the five architectural visual clues inde- 
pendently, each pathologist selected a primary Gleason 
grade for the most prominent pattern within the desig- 
nated area, as well as a Gleason score for the entire slide. 

The histologic criteria used in the Gleason grading sys- 
tem are well known and were agreed upon before this 
study. In particular, Gleason grade 2 adenocarcinomas 
consist of single, separate, loosely aggregated, uniform 
glands. Gleason grade 3 tumors, on the other hand, are 
composed of single, separate, variably sized glands, in 
varying distribution, or of sharply circumscribed, papil- 
lary, and cribriform masses.'* Summation Gleason scores 
followed the form a + b = c, where a equals the Gleason 
grade of the most prominent pattern; b equals the Gleason 
grade of the second most prominent pattern, and c equals 
the numeric sum of a + b (grading score). For example, 
visual diagnostic clues regarded as characteristic of Glea- 
son grade 2 tumors included small, predominantly 
packed, slightly irregular glands of moderate to high den- 
sity. Gleason grade 3 lesions showed visual diagnostic clues 
that were characterized by separate, variably sized, loosely 
packed glands, of moderate to low density. Papillary and 
cribriform fused gland types also were included in this 
category. 

Subsequently, the three pathologists met with a mod- 
erator, who led the discussion of the cases and obtained 
a consensus diagnosis for each visual clue, Gleason grade, 
and total score in all cases. 


Architectural Measurements 


For architectural measurements, a previously described 
system? was used, which allows the pathologist to inter- 
actively mark any point in a static field displaved on a 
television screen, by moving a computer cursor. After 
preliminary tests, a decision was made to define the area 
of the gland by marking the centers of the glandular nuclei 
lining each lumen and connecting them. The remaining 
isolated tumor cell nuclei in the field were marked sepa- 
rately. 

Because of the magnification used for architectural 
measurements (40 X and 6.3 trinocular set), only the 


TABLE 2. GLEASON SCORE (WHOLE SLIDE) INTEROBSERVER AGREEMENT 


Pathologist 1 versus 2 





Disagreement 


Agreement TI* 7° Agreement 
19/41 (46%) 13/41 9/41 20/41 (48%) 
(31%) (22%) 


* Grading score. 


Pathologist 2 versus 3 








Pathologist 1 versus 3 





Disagreement Disagreement 














£r* ne tad Agreement EJ” + 2 
18/41 3/41 23/41 (56%) 15/41 2/4] 
(44%) (7%) (36%) (596) 
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TABLE 3. PRIMARY GLEASON GRADE (INSIDE 
CIRCLE) PATHOLOGISTS VERSUS CONSENSUS 





Disagreement 





Pathologist Perfect 
Number Agreement +] grade +2 grade Total 
| 32/41 (78%) 8/41 (19%) 0 41 
2 24/41 (58%) 17/41 (41%) 0 4] 
3 36/41 (88%) 5/41 (12%) 0 4] 





boundaries of the smaller glands inside larger glandular 
structures (such as in the cribriform pattern) were marked. 
Architectural measurements were taken in five fields from 
each case, within the previously circled area, enabling an 
average of 2,000 nuclei to be marked per case. The five 
selected fields were considered to be the most represen- 
tative of the predominant glandular differentiation pattern 
for each case. In all instances, glands that were artifactually 
distorted or fragmented were excluded from the study. 


RESULTS 


In comparing the Gleason score for the entire slide that 
was assigned by each pathologist with the consensus score. 
agreement was achieved in 68-73% of the cases. Dis- 
agreement by one grade or more occurred in 7-29% of 
cases (Table 1). When the Gleason scores determined by 
two pathologists were compared, agreement was achieved 
in 46-56% of the cases, and disagreement by one grade 
or more varied from 5 to 449» (Table 2). For the Gleason 
grade of the predominant pattern (inside the circled area), 
agreement between the scores by each pathologist and the 
consensus score was obtained in 58-88% of the cases, with 
disagreement of one grade varying from 12 to 41% (Table 
3). Comparison of two pathologists’ opinions on the 
Gleason grade of the predominant pattern showed agree- 
ment in 44-75% of cases, and disagreement by one grade 
in 22-56% (Table 4). The level of agreement among the 
three pathologists for each of three visual clues showed 
poor agreement, ranging from 31 to 49% of cases. For 
cases in which an opinion differed by only one degree 
from the other opinions, the level of agreement varied 
from 44 to 58% (Table 5). 


Despite significant interobserver variation, as described 
above, a relationship existed between the consensus Glea- 
son grade and the objective architectural measurements 
obtained with the use of the cell image analysis system. 
Variability in gland size, as measured by variance of the 
mean nuclear distance to the gland center against variance 
of mean gland size, showed a continuous linear relation- 
ship between increasing variability in glandular architec- 
ture and a change from Gleason grade 2 to grade 3 car- 
cinoma (Fig. 1). Likewise, a less clearly defined linear re- 
lationship was demonstrated between increasing glandular 
size and change in grade from Gleason grade 3 to grade 
2 carcinoma (Fig. 2). 

Each feature was analyzed statistically, and Table 6 
shows their discriminating potential in moderately and 
well-differentiated tumor groups. 


DISCUSSION 


Most of the current systems used to grade prostatic 
adenocarcinoma are based on the subjective evaluation 
of morphologic features" ^^" that are subject to degrees 
of interobserver diagnostic variation. This study as- 
sessed the variation in the diagnostic interpretation bv 
three different pathologists of five tissue architectural fea- 
tures and compared these interpretations with the results 
obtained from the objective measurement of the same 
features. 

In the current study, with a larger and more random 
group of cases than that of a previous analysis,* we eval- 
uated the factors involved in diagnostic decision-making. 
It is important to understand this process, so that a grading 
system based on objective measurements can be devel- 
oped. 

The most significant finding was the extent of inter- 
observer disagreement in the evaluation of visual clues. 
There was agreement among observers on gland size. 
gland uniformity, and the number of glands per field in 
only 49%, 31%, and 39% of cases, respectively (Table 5). 
This level of interobserver variation occurred even though 
tumors with predominant patterns were selected carefully 
and others with variable patterns were excluded. Subjec- 
tive evaluation of visual clues seems to involve an un- 


TABLE 4. PRIMARY GLEASON GRADE (INSIDE CIRCLE) INTEROBSERVER AGREEMENT 


Pathologist 1 versus 2 
Disagreement 


Agreement +1 Grade Agreement 


18/41 (44%) 23/41 (56%) 23/41 (56%) 


Pathologist 2 versus 3 


Pathologist 1 versus 3 


Disagreement Disagreement 
+] Grade Agreement +] Grade 
18/41 (43%) 31/41 (75%) 9/41 (22%) 
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TABLE 5. VISUAL CLUES INTEROBSERVER AGREEMENT 


Gland Size 


Perfect agreement 
(3 pathologists) 20/41 (49%) 
Disagreement by one degree 
18/41 (44%) 


avoidable degree of variation in the interpretation of cor- 
responding criteria. This is a dynamic process, because 
experience acquired in evaluating earlier cases exerts an 
influence on subsequent interpretations. 

Another important point is that pathologists are not 
accustomed to analyzing each visual clue separately, 
without being influenced by their impression of the final 
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FIG. 1 (upper). Scatterplot of the case-wise standard deviation of mean 
nuclear distance to gland center as a function of the standard deviation 
of the case-wise mean gland lumen size coded by consensus grade (major 
pattern) for each case. 


FIG. 2 (lower). Scatterplot of the case-wise mean gland lumen size coded 
by consensus grade (major pattern) for each case. 


Gland Uniformity 


Perfect agreement 
(3 pathologists) 13/41 (31%) 
Disagreement by one degree 
23/41 (56%) 
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Glands per Field 


Perfect agreement 
(3 pathologists) 16/41 (39%) 
Disagreement by one degree 
24/41 (58%) 


| 


diagnosis. For example, a case might be interpreted as 


consisting of small glands, but only because the glands 
were smaller than those expected in a Gleason grade 3 
tumor. However, if the tumor were considered by sub- 
jective evaluation to be in the Gleason grade 2 group, it 
might be interpreted as having intermediate-sized glands, 
even though there were as many large glands as medium- 
sized glands (Fig. 3). In such cases, a separate architectural 
or nuclear feature, such as the presence of nucleoli, may 
have influenced the pathologist’s decision. In some cases, 
then, the pathologist may have assigned a Gleason grade 
based on his impression or gestalt of the pattern and then 
assigned values to each criterion to fit what would be ex- 
pected of the assigned ale, 

Another possible source of misinterpretation was the 
influence of extremes of pattern within a tumor. For ex- 
ample, a neoplasm composed! mainly of small glands but 
also containing a few very large glands could have been 
interpreted as having intermediate-sized glands (Fig. 4). 

It is not surprising, therefore, that significant differences 
occurred among observers in their selection of a Gleason 
grade. Paired matching of individual Gleason grades (ma- 
jor pattern) showed agreement among observers in 44% 
(18 of 41), 56% (23 of 41), and 75% (31 of 41) of cases, 
respectively. This interobserver disagreement was similar 
to that reported by others.?:!9 

A trend toward Nepal between the results of the 
objective measurements and the consensus evaluation of 
Gleason grade (major pattern) by the pathologists was 
evident, as shown by Figures! 1 and 2. This was less clear 
when the results of the objective measurements were 
matched against the individual opinion on the corre- 
sponding visual clue. The most important reason for this 
discrepancy was a lack of uniformity in the interpretation 
and application of criteria. In this regard, differences in 
the interpretation of the nu hber of glands per field and 
the glandular size were particularly difficult (Fig. 5). Fi- 
nally, in some cases, two distinct patterns were seen in 
approximately equal proportions, complicating the choice 
of a primary Gleason grade. It was not always possible to 
exclude one of the patterns from the study because pat- 
terns often were admixed closely (Fig. 4). In some cases, 
differences of opinion on Gleason grade for the entire 
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TABLE 6. NONPARAMETRIC KRUSKAL-WALLIS 
TEST OF ARCHITECTURAL FEATURES FOR GLEASON 
GRADE 2 VERSUS GLEASON GRADE 3 GROUP AFTER 

CORRECTING FOR TIES 





Feature Chi Square Significance 

Mean nearest glandular distance 18.70 0.00 
SD of number of glands per field 17.59 0.00 
Mean nuclear distance to the 

center of gland 16.72 0.00 
Mean number of glands per field 16.14 0.00 
Mean gland size 15.08 0.00 
Mean nuclear count per gland 9.72 0.00 
Mean roundness of gland 9.00 0.00 
Mean solid nuclei count per 9.00 0.00 

field 
SD of roundness of gland 6.85 0.00 
SD of solid nuclei count per 5.82 0.01 

field 
SD of gland size 4.12 0.04 





SD - standard deviation. 


slide could be explained by the presence of an approxi- 
mately equal mixture of patterns. 

To measure glandular size, the Gleason grade 2 and 3 
groups were separated at 2,200 um? with the use of the 
cell image analysis system. Those considered to be in the 
"borderline" zone by objective measurements did not 
have a unanimous subjective interpretation, being as- 
signed as Gleason grade 3 by some and grade 2 by others. 

In conclusion, there appears to be a direct relationship 
between increasing Gleason grade and increasing gland 
variability, and an inverse relationship between Gleason 
grade and the gland luminal area and number of glandular 
nuclei, as assessed by a consensus group of pathologists. 
However, because the number of cases in this study was 
limited, the findings should be interpreted with caution. 
Additional studies, using high-resolution nuclear mea- 
surements, may be useful in identifying cases that appear 





FiG. 3 (lefi). Adenocarcinoma of prostate with closely admixed Gleason grade 2 and 3. This tumor was interpreted by the individual pathologists to 


be either a Gleason grade 2 or 3. Hematoxylin and eosin (X40). 


FIG. 4 (right). This Gleason grade 3 tumor has large glands on the right and very small glands on the left. This would lead to an overall interpretation 
of intermediate size glands based on an average of gland sizes in the tumor. Hematoxylin and eosin (x40). 
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to be “borderline” on objective measurements. as well as 
in subjective evaluation. We are developing an automated 
system that will simultaneously evaluate nuclear and ar- 
chitectural features, as well as subjective clues, which can 
be used in grading prostate tumors. ` 
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FIG. 5. This tumor has a cribriform pattern resulting in mostly small. 11. Bibbo M. Kim DH, di Loreto C, et al. Tissue architectural features 
variable lumens but large and regular outlines. Hematoxylin and eosin for the grading of prostate carcinoma. Anal Quant € vtol Histol 
(X100). 1990:12:229-236. 
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Diagnostic Problems in Tissues Previously 
Sampled by Fine-needle Aspiration 


SANA O. TABBARA, M.D., HENRY F. FRIERSON, JR., M.D., 
AND ROBERT E. FECHNER, M.D. 


Unusual tissue changes in needle tracts after fine-needle aspi- 
ration were studied in two specimens. One specimen, a 3.0 X 2.5 
cm mesenteric nodule, was found six days after a nondiagnostic 
transabdominal fine-needle aspiration of a retroperitoneal mass. 
At frozen-section examination, the nodule had proliferating 
spindle-shaped cells interspersed with adipocytes that raised the 
possibility of well-differentiated liposarcoma. On permanent 
sections, however, there was fat necrosis and reactive spindle- 
shaped cells that immunohistochemically were consistent with 
myofibroblasts. In the second case, a needle tract was noted in 
breast tissue on which a biopsy was performed two days after a 


cytologic diagnosis of carcinoma. The 0.4-mm-wide tract con- 
tained neutrophils, foamy histiocytes, and clumps of intact, 
atypical epithelial cells without a desmoplastic or elastotic com- 
ponent. Aside from these epithelial cells, nothing in the biopsy 
specimen suggested invasive carcinoma. The cells were identical 
to those from a comedocarcinoma present in the biopsy and mas- 
tectomy specimens. These two cases provide examples of pitfalls 
that may arise during the examination of biopsy specimens ob- 
tained after fine-needle aspiration. (Key words: Fine-needle as- 
piration; Frozen section; Tissue reaction; Needle tract) Am J 
Clin Pathol 1991;96:76-80 





Fine-needle aspiration (FNA) is a well-established and safe 
method for the rapid diagnosis of palpable and deep-seated 
masses.’ Few clinically important complications—in- 
cluding bleeding, pneumothorax,’ infections and inflam- 
matory reactions,’ and death*—result from FNA. Some 
studies also have reported tumor seeding in needle 
tracts." Little attention has been focused on tissue 
changes resulting from FNA. Three studies described 
FNA-induced changes in thyroid nodules”! and two 
others'^"* examined the effects of FNA on lymph node 
histologic characteristics. We report two cases in which 
the tissue changes induced by FNA made the histologic 
sections difficult to diagnose. 


REPORT OF TWO CASES 


Case 1 


A 38-year-old man had right groin pain radiating to the flank. A right- 
sided retroperitoneal mass impinging on the inferior vena cava was seen 
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on computed tomography (CT) scan. Four CT-guided. 22-gauge needles 
were placed in adjoining locations in the mass. The smears revealed a 
few atypical cells of uncertain type, but their paucity precluded diagnosis. 
Six days later, an exploratory laparotomy was performed. A 3.0 x 2.5 
cm nodule in the small bowel mesentery and a 10.0 x 5.0 retroperitoneal 
mass extending from the head of the pancreas to the aortic bifurcation 
were observed. The mesenteric nodule was sent for frozen-section di- 
agnosis, followed by biopsy specimens of the retroperitoneal mass. On 
frozen-section examination of the mesenteric nodule, the possibility of 
a well-differentiated liposarcoma was considered. but a firm diagnosis 
was deferred. After the procedure, the surgeon stated that the mesenteric 
nodule occurred in the area of the prior FNA; therefore, it became evident 
that this represented a reactive process. After debulking and subsequent 
histologic examination of the retroperitoneal mass, a diagnosis of met- 
astatic seminoma was established. Ultrasonographic examination iden- 
tified a 2-cm nodule of the right testicle. After orchiectomy, microscopic 
examination of the testicular tumor revealed a seminoma. The patient 
was treated with postoperative chemotherapy. 


Case 2 


A 49-year-old postmenopausal woman with a family history of breast 
carcinoma had a bloody discharge from the left nipple. An 8-cm left 
breast mass was found on physical examination. FNA of the breast mass 
was performed at another institution, and ductal carcinoma was diag- 
nosed. The patient was referred to the University of Virginia Health 
Sciences Center. A biopsy of the left breast was performed two days after 
FNA, and the specimen contained extensive intraductal carcinoma. 
without areas of invasion. Because of the extent of the disease. a left 
modified radical mastectomy with axillary node dissection was performed. 
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PATHOLOGIC FINDINGS 


Case 1 


Grossly, the mesenteric nodule consisted of several 
fragments of firm tan tissue, with an aggregate dimension 
of 3.0 x 2.5 cm. Microscopic examination revealed loosely 
arranged, plump, spindle-shaped cells infiltrating the adi- 
pose tissue (Fig. 1). These cells had large nuclei with fine, 
even chromatin and prominent nucleoli (Fig. 2). Several 
mitotic figures were identified. There were foci of histio- 
cytes with finely vacuolated cytoplasm (Fig. 3). These fea- 
tures raised the possibility of well-differentiated liposar- 
coma on frozen-section examination. In the permanent 
sections, lymphocytes and plasma cells were intermixed 
and there were obvious foci of fat necrosis. Immunohis- 
tochemical studies using the avidin-biotin-peroxidase 
complex technique on paraffin-embedded sections were 
performed with antibodies to vimentin (V9: prediluted: 
DAKO. Santa Barbara, CA), muscle-specific actin (HHF- 
35: 1:4,000; Enzo Biochemical, New York, NY), keratin 
(CAM 5.2; prediluted; Becton Dickinson, Mountain View, 
CA), desmin (prediluted; BioGenex, Dublin, CA). and S- 
100 protein (polyclonal; prediluted; BioGenex). The 
chromogen was 3,3’ diaminobenzidine tetrahydrochloride. 
The spindle-shaped cells were positive for vimentin and 
muscle-specific actin but negative for keratin, desmin, and 
S-100 protein. This immunohistochemical profile is con- 
sistent with myofibroblastic differentiation. 

The retroperitoneal and testicular masses contained 
seminoma. This case provides an example of an unusual 
tissue reaction after FNA, in which the lesion mimicked 
a well-differentiated liposarcoma on frozen-section ex- 
amination. 


Case 2 


The breast biopsy specimen consisted of three pieces 
of fibrofatty tissue with an aggregate dimension of 4.7 
x 1.9 X 1.0 cm. Microscopically, there was extensive in- 
traductal carcinoma. The cells were large and had variably 
sized nuclei with finely granular chromatin and prominent 
nucleoli. Comedonecrosis and calcifications were seen in 
several ducts. Two of the histologic sections showed a 0.4- 
mm-wide linear tract containing numerous histiocytes, a 
few neutrophils, lymphocytes, and scattered red blood cells 
(Fig. 4). Within this inflammatory background, there were 
clusters of intact abnormal epithelial cells (Figs. 54 and 
B) that were identical to those present in the adjacent foci 
of intraductal carcinoma (Fig. 6). A desmoplastic response 
and elastosis were absent. The question of invasive car- 
cinoma was considered. It was believed, however, that the 
epithelial cells probably were dislodged from the intra- 
ductal carcinoma, simulating an infiltrating tumor. 





The mastectomy specimen contained a 7.5 x 6.0 cm 
mass deep to the previous biopsy site. On cut surface, the 
mass was firm and gritty and had an infiltrative appear- 
ance with yellow streaks. Histologic examination revealed 
an extensive intraductal carcinoma involving approxi- 
mately 75% of the ducts. There was also an infiltrating 
component that constituted approximately one-third of 
the mass. The cells of the infiltrating ductal carcinoma 
were embedded in a desmoplastic stroma, unlike the 
groups of atypical cells seen in the needle tract in the 
biopsy specimen. The axillary lymph nodes were free of 
carcinoma. 


DISCUSSION 


Although FNA is a common procedure, the resulting 
histologic changes rarely are identified or examined in 
excised tissues. Tissue reactions produced by needles are 
apparent when biopsy or resection is performed a few 
days after FNA.!** 

Difficulties in histologic interpretation that result from 
changes produced by FNA are unusual, except in lesions 
involving the thyroid gland.”"'' In a series of 30 thyroid 
tissue specimens for which the biopsies were preceded by 
FNA. Jones and associates identified two cases in which 
changes were evident histologically that were believed to 
have resulted from FNA.? In one of their cases, almost 
total infarction of a thyroid nodule was attributed to FNA. 
The lesion was believed to represent a malignant neo- 
plasm, but it could not be classified because there was 
only a scant amount of viable tumor. Kini and Miller 
described complete tumor infarction in 16 of 1,150 thy- 
roid nodules that had been sampled by FNA." Hemor- 
rhagic nodule was the most common diagnosis when there 
was no known history of FNA. In 12 instances, the FNA 
specimen showed a Hürthle cell neoplasm, and. in the 
other 4 cases, papillary carcinoma had been diagnosed in 
the FNA smears. 

In a recent study, LiVolsi and Merino examined 64 
thyroid nodules that were removed after FNA. In four 
of ten infarcted nodules, diagnostic interpretation was 
impeded by the extensive necrosis. Two follicular ade- 
nomas had epithelial cells in the lesion's capsule that sim- 
ulated invasion, but it was found that the cells were in 
continuity with the needle tract. Hemorrhage and vascular 
alterations in another adenoma were believed to mimic 
angiosarcoma. These authors also described the acute his- 
tologic changes (one to three weeks after FNA) that re- 
sulted from FNA, including hemorrhage, tissue destruc- 
tion, mitotic figures in endothelial and epithelial cells. 
granulation tissue formation, and capsular distortion. 
Chronic tissue changes (more than three weeks after FNA) 
included fibrosis, hemosiderin-laden macrophages. trap- 
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FIG. 1 (upper left). The mesenteric nodule contained mature adipose tissue and broad bands of spindle-shaped cells. Hematoxylin and eosin stain 
(X125). 


FIG. 2 (upper right) Loosely arranged, plump spindle-shaped cells had enlarged nuclei, tine chromatin, and prominent nucleoli. Mitotic figures were 
present (arrow). Hematoxylin and eosin stain (X500). 


FIG. 3 (lower left). Epithelioid cells in the areas of fat necrosis had finely vacuolated cytoplasm. Hematoxylin and eosin stain (500). 


FiG. 4 (/ower right). At very low magnification, the needle tract appears as a cleft in the tissue that runs from the edge of the specimen (bent arrow) 
to a large focus of intraductal carcinoma (arrows). Hematoxylin and eosin stain (X12) 
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FIG. 5 (upper left). The needle tract, adjacent to intraductal carcinoma 
(arrow), showed fat necrosis and contained clusters of intact atypical 
epithelial cells (boxed areas). Hematoxylin and eosin (» 50). (Upper right) 
On higher magnification of one of the boxed areas, groups of well-pre- 
served, atypical cells were scattered among foamy histiocytes and sim- 
ulated an invasive carcinoma. Hematoxylin and eosin stain (x250). 


FIG. 6 (/ower). The cells of intraductal carcinoma in the biopsy specimen 


were identical to those present in the needle tract. Hematoxylin and 
eosin stain (X250). 
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ping of epithelium in the nodule’s capsule, nuclear atypia, 
and squamous and oncocytic metaplasia. 

In describing the effects of FNA on lymph nodes, Behm 
and colleagues concluded that the changes produced by 
needle aspiration did not interfere with histologic evalu- 
ation. They limited their material to benign lymph 
nodes, however, and were interested primarily in docu- 
menting the architectural preservation. FNA produced 
the following early changes: hemorrhage, foamy histio- 
cytes, fibrin, neutrophils, and lymphocytes. The later 
changes included a healed, fibrotic linear tract. 

In our cases, the changes produced by FNA caused di- 
agnostic problems. In case 1, the problem involved an 
intraoperative consultation specimen. The frozen section 
of a biopsy specimen from a mesenteric mass demon- 
strated a proliferation of spindle-shaped cells intermixed 
with the mature adipose tissue, an appearance reminiscent 
of well-differentiated liposarcoma. Because of the retro- 
peritoneal mass, a diagnosis of metastatic sarcoma was 
considered. The unusual histologic appearance of the 
nodule resulted from fat necrosis and myofibroblastic 
proliferation. In the second case, the fine-needle tract in 
a breast biopsy specimen contained well-preserved ma- 
lignant cells that mimicked an infiltrating carcinoma: 
however, the linear orientation and the composition of 
the surrounding reaction were strongly suggestive of recent 
trauma produced by FNA. This change differed from the 
desmoplastic stromal reaction seen in invasive tumors and 
was quite dissimilar to the infiltrating cancer found in an 
adjacent part of the breast. These two cases emphasize 
that the awareness of a previous FNA may help preclude 
an erroneous histologic diagnosis. 
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Composite Lymphoma 


A Clinicopathologic Analysis of Nine Patients with 
Hodgkin’s Disease and B-Cell Non-Hodgkin’s Lymphoma 


CHRISTOPHER L. GONZALEZ, M.D., L. JEFFREY MEDEIROS, M.D., 
AND ELAINE S. JAFFE, M.D. 


Nine patients had composite lymphoma in which Hodgkin’s dis- 
ease (HD) and non-Hodgkin's lymphoma (NHL) involved the 
same anatomic site. Two of these patients had relapses of their 
tumors. In one, the initial biopsy specimen contained follicular 
and diffuse large cell NHL with unclassifiable HD, but the re- 
lapse showed diffuse large cell NHL with nodular sclerosis HD. 
In the other patient, both biopsy specimens showed follicular 
mixed NHL; the HD component in the initial biopsy specimen 
was nodular sclerosis, whereas, at relapse, it had the appearance 
of interfollicular HD. In the remaining seven patients, the HD 
component was subclassified as nodular sclerosis (three speci- 
mens) or mixed cellularity (three specimens), or it was unclas- 
sifiable (one specimen). The NHL component was categorized 
as diffuse large cell (two specimens), diffuse large cell immu- 
noblastic (two specimens), follicular and diffuse large ceil (one 
specimen), diffuse mixed small and large cell (one specimen), 
and lymphocytic lymphoma of intermediate differentiation 
(modified Rappaport classification) (one specimen). Paraffin 
section immunoperoxidase studies were done on the NHL com- 
ponent in eight patients (nine specimens) and on the HD com- 


"Composite lymphoma" has been defined as a tumor 
showing two distinct histologic subtypes of malignant 
lymphoma that involve the same lymph node or extran- 
odal anatomic site." ^ Most often, composite lymphomas 
are composed of two separate types of non-Hodgkin's 
lymphoma (NHL)? Since the development of 
immunophenotypic^? and genotypic techniques," most 
composite lymphomas have been recognized as bimorphic 
expressions of the same neoplastic clone. For example, in 
lymph nodes involved by follicular lymphoma and diffuse 
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ponent in six patients (seven specimens). In each of these, the 
NHL component was leukocyte common antigen (LC X) positive 
and Leu-MI negative. In addition, the neoplastic cells were 1,26 
positive and UCHL-1 negative, indicating a B-cell phenotype. 
In five of seven immunophenotyped cases, Reed-Sternberg (RS) 
and Hodgkin's (H) cells from the HD areas were Leu-M1 pos- 
itive and LCA negative, reflecting an immunophenotype that is 
typical of non—lymphocyte-predominant HD. In two specimens, 
the malignant cells were negative for Leu-IMÍ and LCA (with 
positive internal controls). Composite lymphomas composed of 
HD and NHL are unusual, aud cases of coexistent HD of the 
non-lymphocyte-predominant subtype and NHL are even less 
common. The results of the current study and a review of the 
literature indicate that this phenomenon usually involves a B- 
cell NHL that coexists with HID, perhaps further suggesting a 
close relationship between the malignant cells of HD (RS and 
H cells) and B lymphocytes. (Key words: Malignant lymphoma; 
Composite lymphoma; Hodgkin's disease; Immunohistochem- 
istry) Am J Clin Pathol 1991;96:81-89 


large cell lymphoma, both components commonly express 
surface immunoglobulin of the same light chain class and 
presumably belong to the same clone.? Genotyic studies 
of one composite lymphoma, in which follicular lym- 
phoma and lymphoblastic lymphoma coexisted, dem- 
onstrated that both neoplasms had identical immuno- 
globulin gene rearrangements, as well as the t(14;18) 
chromosomal translocation.’ The lymphoblastic lym- 
phoma in this case also had a c-myc rearrangement.’ Thus, 
such cases are believed to represent two differen: histologic 
expressions of the same progenitor cell population, with 
evolution into an aggressive neoplasm. 

Less frequently, composite lymphomas have been re- 
ported in which Hodgkin's disease (HD) and NHL coexist. 
Traditionally, this occurrence has been considered coin- 
cidental because HD and NHL are believed to represent 
mutually exclusive clinicopathologic entities." 5" However, 
cases of nodular lymphocyte-predominant HD and large 
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cell lymphoma were documented recently in which areas 
of transition between the two neoplasms were apparent.!° 
In addition, the malignant cells in both tumors expressed 
the leukocyte common antigen (LCA) (CD45) and pan- 
B-cell markers. Therefore, it was suggested that these two 
processes may be related.!° 

Occasionally, other subtypes of HD also have been 
found with NHL in the same anatomic site.!*:!!-'4 In this 
article, we report nine cases (two with recurrent neo- 
plasms; 11 surgical specimens) of composite lymphoma 
containing HD (5 nodular sclerosis, 3 mixed cellularity, 
| interfollicular, and 2 unclassified) and NHL involving 
the same topographic location. In all patients, the NHL 
component had histologic features and/or an immuno- 
phenotype that were consistent with B lineage. This clin- 
ical phenomenon may support the lymphoid origin of the 
Reed-Sternberg (RS) and Hodgkin’s (H) cells of HD. In 
addition, the occurrence of HD with B-cell NHL may 
suggest that, in at least some cases, RS and H cells are of 
B-lymphoid origin or that they may arise from a precursor 
cell that is shared with B-lymphocytes. 


MATERIALS AND METHODS 


All 11 specimens (from nine patients) were obtained 
from the files of the Laboratory of Pathology of the Na- 
tional Cancer Institute, for the years 1975 through 1989. 
In each case, HD and NHL occurred in the same anatomic 
site. Cases of composite chronic lymphocytic leukemia 
and HD were excluded from analysis and have been re- 
ported separately. '° 

Hematoxylin and eosin-stained histologic slides of for- 
malin- or B5-fixed paraffin-embedded tissue were pre- 
pared at the submitting institutions. In 9 of 11 specimens, 
immunoperoxidase studies were performed with the use 
of fixed, paraffin-embedded sections and an avidin-biotin 
complex technique, as described previously.'® The anti- 
body panel included LCA (CD45), UCHL-1 (CD45 RO), 
L26 (CD20) (DAKO, Santa Barbara, CA), and Leu-M1 
(CD15; Becton Dickinson, Mountain View, CA). The 
Leu-MI-positive, LCA-negative phenotype was consid- 
ered to be consistent with that of RS and H cells of the 
nodular sclerosis, mixed cellularity, and lymphocyte-de- 
pleted subtypes of HD." The pan-B-cell antibody L26 
may stain RS and H cells, usually in small numbers, in 
10-50% of cases of HD.'® The LCA-positive, Leu-M1- 
negative phenotype was considered to be typical of NHL. 
L26 positivity and UCHL-1 negativity in cells with this 
phenotype were considered to indicate evidence of B-cell 
lineage.!? 

Immunophenotypic studies were performed on cell 
suspensions (case 8A) or frozen sections (case 9), using 
methods that have been described previously.!°!? The an- 


tibody panel included immunoglobulin heavy (IgG, IgA, 
IgM) and light (kappa, lambda) chains (Bethesda Research 
Laboratories, Bethesda, MD); the pan-B-cell markers B4 
(CD19), B1 (CD20) (Coulter Clone,® Hialeah, FL), and 
Leu-14 (CD22; Becton Dickinson); and the T-cell anti- 
bodies T11 (CD2; Coulter), Leu-1 (CD5), Leu-2 (CD8), 
Leu-3 (CD4), and Leu-4 (CD3) (Becton Dickinson). 


RESULTS 


Clinical findings are summarized in Table 1. The me- 
dian age of the patients was 54 years, with a range of 22- 
84 years. There were seven men and two women. Eight 
patients were white and one was Asian. Three patients 
(cases 2, 3, and 8) had follicular NHL before composite 
lymphoma appeared. There were no cases in which a prior 
history of HD was elicited. In six patients without a history 
of lymphoma, the disease was staged clinically. Three pa- 
tients had low- (stage I and II) and three had high-stage 
(stage III and IV) disease; two patients (cases 1 and 5) had 
large cell NHL involving the bone marrow, and one (case 
9) had generalized lymphadenopathy. Two patients had 
B (systemic) symptoms. Eight patients received treatment 
(six had chemotherapy with or without radiation therapy, 
one had radiation therapy alone, and one had surgical 
excision only). 

The biopsy sites included cervical lymph nodes (four 
patients), inguinal lymph node (four patients), supracla- 
vicular lymph node (one patient), submandibular lymph 
node (one patient), anterior mediastinum (one patient), 
and stomach (one patient). Two patients had recurrent 
composite lymphoma; in these cases, biopsy specimens 
of both the initial and relapse specimens were available. 

Pathologic and immunophenotypic findings are sum- 
marized in Table 2. Representative cases are illustrated 
(Figs. 1-3). The NHLs were classified as diffuse large cell 
(cases 2B, 3, 7), diffuse large cell immunoblastic (cases 1 
and 5), follicular and diffuse large cell (cases 2A and 4), 
diffuse mixed small and large cell (case 6), follicular mixed 
small cleaved and large cell (case 8A and B), and lym- 
phocytic lymphoma of intermediate differentiation 
(modified Rappaport classification) (case 9). All NHLs 
had histologic or immunophenotypic features that were 
consistent with a B-cell phenotype, and all cases that were 
immunophenotyped were LCA positive, Leu-M1 nega- 
tive, L-26 positive, and UCHL-1 negative. In two cases 
(cases 8 and 9), the NHL component expressed monotypic 
immunoglobulin in fresh tissue. 

The HD component was classified as nodular sclerosis 
(cases 1, 2B, 4, 7, 8A), mixed cellularity (cases 3, 5, 9), or 
interfollicular (case 8B), or it was unclassifiable (cases 2A 
and 6). In two lesions (cases 5 and 7), immunophenotypic 
studies on the HD component were unsatisfactory prob- 
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TABLE 1. SUMMARY OF CLINICOPATHOLOGIC DATA 


History of B 
Age/Race/Sex Lymphoma Clinical Stage Symptoms Treatment 
66/W /M = IV = Clyclophosphamide, 
vincristine, bleomycin 
43/W/M +, DLC, 4 years N/A zx: Multiagent 
previously, FML, 2 chemotherapy, 
years previously autologous bone 
marrow transplant 
Relapse, 2 years later 
63/W/M t, FMC 3 years N/A = Surgery only 
previously 
62/W/F — I = Local radiation 
22/W/M — IV + Cyclophosphamide, 
cisplatinum; 
prednisone, BCNU 
84/A/F = I — Patient refused 
treatment 
25/W/M = Il — Multiagent 
chemotherapy 
48/W/M +, FMC 12 years N/A + Radiation therapy: 
previously nitrogen mustard; 
vincristine; 
prednisone; 
procarbazine 
Relapse. 18 months 
later 
73/W/M - I! = Chlorambucil 
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Follow-up 
Lost 


DOD 26 months after 
diagnosis of CL 


DOD 2 months after 
diagnosis of CL 
CR, 27 months after 
diagnosis of Cl 
DOD 6 months after 
diagnosis of CL 


Lost 


CR, 3 months after 
diagnosis of CL 

Died of SNC lymphoma, 55 
months after diagnosis of 
CL. No evidence of 
follicular lymphoma or 
Hodgkin's disease 


CR. 21 months after 
diagnosis of Cl 


I 


W = white: A = Asian: M = male: F = female; DLC = diffuse, large-cell NHL; FMC = follicular, 


mixed-cell NHL: CL = composite lymphoma; SNL = small, noncleaved-cell lymphoma; DOD 


8A 


8B 


= died of disease; CR = clinical remission; N/A = not applicable 


TABLE 2. SUMMARY OF PATHOLOGIC AND IMMUNOPHENOTYPIC DATA 


Biopsy Site 
Cervical lymph node 
Inguinal lymph node 
Supraclavicular lymph 

node 
Stomach 
Inguinal lymph node 
Cervical lymph node 
Cervical lymph node 


Mediastinum 


Cervical and inguinal 
lymph nodes 


Submandibular 
lymph node 


Inguinal lymph node 


NHL Diagnosis (%)* 


Large-cell immunoblastic 
(75%) 

Follicular and diffuse large- 
cell (NA) 

Diffuse large-cell (90%) 


Diffuse large-cell (90%) 


Follicular and diffuse large- 
cell (50%) 

Large-cell immunoblastic 
(75%) 

Diffuse mixed small and 
large-cell (95%) 

Diffuse large-cell (50%) 


Follicular mixed small 
cleaved and large-cell 
(75%) 

Follicular mixed small 
cleaved and large-cell 
(90%) 

Lymphocytic lymphoma 
of intermediate 
differentiation (90%) 


* Percentage of biopsy specimen involved by either NHL or HD. 


NHL Cell Phenotype 


LCA+, L26+, LeuMl-, 
DUCHL-1- 

LCA+, L26+, LeuMIl-, 
UCHL-1- 

LCA+, L26+, LeuMI-, 
DCHL-1- 

LCA+, L26+, LeuMl-, 
UCHL-1 -- 

Not done 


LCA+, L26+, LeuMl-, 
UCHL-1- 
LCA+, L26+, LeuMl-, 


HD Diagnosis (%)* 


Nodular sclerosis 
(25%) 
Unclassified (NA) 


Nodular sclerosis 
(10%) 

Mixed cellularity 
(10%) 

Nodular sclerosis 
(50%) 

Mixed cellularity 
(25%) 

Unclassified (5%) 


RS/H Cell Phenotype 


LeuMI+, LCA-—, L26+. 
UCHL-1- 

LeuMl+, LCA—, L26+. 
UCHL-1- 

LeuMl1+, LCA-, L26- . 
UCHL-1- 

LeuMI-, LCA-, L26-. 
UCHL-1-— 

Not done 


Not technically 
satisfactorv 
LeuMI-, LCA-, L26-. 


UCHL-1- UCHL--1- 

LCA+, L26+, LeuMI—, Nodular sclerosis Not technically 
UCHL-1- (50%) satisfactory 

Monoclonal IgMk Nodular sclerosis LeuMI+, LCA-, L26 
LCA+, L26+, (25%) DUCHL-—-1I- 
LeuMI-, UCHL-1- 

Not done Interfollicular Not done 

(10%) 

Monoclonal IgMA Mixed cellularity LeuMI-. LCA—, L26 
LCA+, L264, (10%) UCHL- $- 
LeuMI-, UCHL- 1- 

NA = not applicable. In case 2A the NHL and HD components were intimate: admixed. 


Vol. 96 * No. | 


HEMATOPATHOLOGY 


84 


Original Article 





~ 


mponent, the RS and H cells were 


) and (E) LCA negative (x400). B, D. and 


immunoperoxidase with hematoxylin 


). A. Non-Hodgkin’s lymphoma 
counterstain. 


large-cell immunoblastic lymphoma. 
). B. The NHL cells expressed LCA 


nodular sclerosis subtype. Hematoxylin 


~ 


FIG. 1. Composite lymphoma (Case | 
250). In the HD co 


(NHL) subclass:fied as diffuse, 
Hematoxylin and eosin (250 


(X250). C. Hodgkin’s disease, 


and eosin ( X 
(D) LeuMI positive (x400 


E 




















ys 3! Vas Poe EQ) nè e PS * 4 Jh 
EIEN YEA > Co e ES 
v2. 4.04 à L (o * E N 
M ^ $ op e A ar E e M 1 Ge X c: t * - y = Rs 
8- t, 5. ` ; qu l T. fz) “ Ti À ~ PE . 
OF 2 ) 5 * a PIPE a). J 
of ve = . Mast Y po ee e P^ 
Co ege o Lc He 
M $ s 
d “le hi d 


am 
~~ 


ie vat 
T2 k-s 2 $ z ` 
EG ST 





t s 
r e 














: "m 
j 3 5 v 
4 : 3 > ^ ” Y > 1 4 y « ‘ : 1 1 . p) ~r 
am 1 > E " r i "AT , b uw d f x È t y £ . ; ! , = » d $ " p LN ~ 
aret fe A Sp l | e " : e: 0 ] LE & oth v ". f S Ola) 
ANGNIN PS IW. r Gera ss ^c n DT a quer ae. 7 
is SS uet À P ? £ «i wee A wees 
x io. hj 5 s- 
$ e g- 





Aa. 









v 
^ 
=F. 
M 
" pe 
TA! 
P. * 
L 
ge 
2: 
ue 
9 \* «es 
PENRY 
. I9. A S 
2 
< 
* 
* 
A 
^5 d. * 
Qe: 
Es 
vp 
$ 
© 
os 
a. 
= qo Da 
3 ( 


“GS. C » LG 9. < ~pe to 2 g hs e ‘ > d 

». CM “ è mo 5 r3 ~ E - ae . 
FOR IK Sa OOO SE ane TSA Vea re 9 5 
? x Ua ua o 98 No A Sov e ou n - "i 


a: 
> 
e 






Se PERDRE wD t X o`p i 

NG d Joc eut ne e Fe e. : PE P. ~ i ES Aem | 

CN ies chen DA 2 pr faeere e ere), 
uq on." s, 4fe 9? apti i tes t: OS oucbA. S e Ter C's Say’ » 
UA oa. a M e © kaS a 


(pk act bun! 





A J.C.P. + July 199] 


GONZALEZ, MEDEIROS, AND JAFFE 


Composite Lymphoma 








ns MS urhe 
dar pb. Ps Y leo os ^ot D 
"i3 0,5 7 3005 9^ 29 395, hg 


- TR&^ 577 An "e" 
15i. ge exse. 






"o 






tw CN AESA me y 
è ERIS ds =P err - po^ 





^ e." en, Y oN rete "B E 
TAE SS 
"ENS o. TS C dea ra. 
M VN - "v weed £^. : 
^ à 


"ae -= 


a cde 







T RANE g ur. ; rat ie "IL um - qu 
2T 5,9 av duh bn ST Ah, V Aw 
MOT NS : Pe A iad 3 baat 

















" 


aer ^ 
S 












FIG. 2. Composite lymphoma (Case 3). A. Non-Hodgkin's lym- 
phoma (above) and HD (below) in same microscopic field. He- 
matoxylin and eosin (X125). B. The NHL component was clas- 
sified as diffuse large cell. Hematoxylin and eosin (250). ©. The 
HD component was subclassified as mixed cellularity. Hematox- 
ylin and eosin (X250). 
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ably because of poor fixation (internal controls did not 
stain). In seven cases, the HD component was immuno- 
phenotyped adequately. In five of these, the RS and H 
cells were Leu-M1 positive and LCA negative, and, in 
two cases, they were Leu-M1 negative and LCA negative 
(with positive internal controls). In two cases (cases 1 and 
2A), RS and H cells also expressed L26. 

The NHL and HD components were distinct from each 
other in nine specimens, although there was a transitional 
zone between the components in some neoplasms. In two 
specimens, the NHL and the HD components were more 
admixed. Case 2A showed single RS cells (Leu-M1 pos- 
itive, LCA negative), as well as foci of HD (RS and H 
cells with an inflammatory background) that were inter- 
spersed throughout a background of focally follicular, 
predominantly diffuse large cell NHL. In case 8B, the HD 
component was interfollicular, and it surrounded the 
follicles of a follicular mixed small cleaved and large 
cell NHL. 

Clinical follow-up information was available for seven 
patients. Two patients (cases 1 and 6) were lost to follow- 
up. The median surveillance period was 19 months (range, 
2—55 months). Three patients died of residual lymphoma 
(cases 2, 3, 5) and had a median survival of 15 months. 
A fourth patient (case 8) was treated successfully with 
radiation therapy and chemotherapy; 18 months later, he 
had a relapse, but his disease responded to additional 
therapy. Thirty-seven months later, however, the patient 
died of small noncleaved cell lymphoma. Three patients 
(cases 4, 7, and 9) are alive and in clinical remission (27, 
3, and 21 months after diagnosis, respectively.) 


DISCUSSION 


We have described nine patients (two with recurrent 
disease; 11 surgical specimens) with composite lymphoma 
in which both HD (5 nodular sclerosis, 3 mixed cellularity, 
1 interfollicular, 2 not subclassified) and B-cell NHL in- 
volved the same anatomic site. This is an unusual clinical 
occurrence, and most cases of this phenomenon, as re- 
ported previously in the literature, have not been evaluated 
with immunophenotypic studies. In this report, 9 of 11 
specimens were studied with paraffin-section immuno- 
peroxidase methods. The NHL and HD components had 
appropriate immunophenotypes in each neoplasm. Spe- 
cifically, the NHL element was positive for LCA and neg- 
ative for Leu-M1. In addition, the neoplastic cells were 
L26 positive and UCHL-1 negative, indicating a B-cell 
lineage. The HD component was studied adequately (in- 
ternal controls were positive) in seven specimens. RS and 
H cells were Leu-M1 positive and LCA negative in five 
neoplasms, consistent with the phenotype of the atypical 
cells in HD of the non-lymphocyte-predominant sub- 


types.! In two specimens, the atypical cells were negative 
for both Leu-M1 and LCA, whereas in two additional 
tumors the immunohistologic results were noncontribu- 
tory (probably secondary to inadequate fixation). 

The definition of composite lymphoma has evolved 
over time. As originally conceived by Custer and Bern- 
hard, ^? this disease was defined as a combination of two 
different NHLs occurring in the same patient, either at 
different sites or involving the same location. Subse- 
quently, Rappaport” and Kim and associates! ^' modified 
the definition and included cases of coexistent HD and 
NHL. They required that both tumors occur in the same 
lymph node or extranodal site. By the latter definition, 
approximately 50 cases of composite lymphoma, com- 
posed of HD and NHL, have been reported to 
date, ^5-142.2 with the most common combination being 
that of lymphocyte-predominant HD and diffuse large 
cell lymphoma. *:!9 

Traditionally, the occurrence of lymphocyte-predom- 
inant HD and NHL has been considered as the coinci- 
dental involvement by two separate diseases. However, 
Sundeen and associates! and others??^ have reported 
cases with areas of transition between both components. 
concluding that the NHL resulted from a histologic pro- 
gression of lymphocyte-predominant HD. Their results 
extended the observations of other authors that suggested 
that patients with lymphocyte-predominant HD are at 
risk for subsequent development of large cell lymphoma. 
Therefore, more than a coincidental relationship may exist 
between the two neoplasms.”>”° In addition. one of us 
(E.S.J.) has organized a registry of these cases, and ap- 
proximately 35 cases have been reviewed that illustrate 
ihis clinical phenomenon. In all cases that were immu- 
nophenotyped, it has been demonstrated that the largc 
cell component and the L and H cells of lymphocyte- 
predominant HD have a B-cell phenotype. These results 
provide additional support for the concept that nodular 
lymphocyte-predominant HD may be related closely to 
B lymphocytes, as suggested by others. ^ 1927-7? 

Rarely, composite lymphomas have been reported ir 
which HD of the non-lymphocyte-predominant subtype 
and NHL involve the same topographic site." 1^ The 
current report describes 11 specimens from nine patients 
illustrating this phenomenon. It is not known whether 
this clinical phenomenon represents the chance occur- 
rence of two separate neoplasms or, alternatively, two 
morphologic expressions of the same neoplastic clone. 
All the NHLs in this study showed immunophenotypic 
or histologic evidence of a B-cell phenotype. This group 
of cases may suggest that at least some cases of HD of the 
non-lymphocyte-predominant subtype are related closelv 
to, or arise from, B lymphocytes. 

Although this series did not include cases of chronic 
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lymphocytic leukemia (CLL), one of US (E.S.J.) has re- 
ported previously on the coexistence of composite CLL 
and HD." In addition, HD is being reported with in- 
creasing frequency in patients with CLL and has mani- 
fested itself as a Richter's-like transformation.?? In cases 
that were studied immunophenotypically, the CLL has 
been of the B-cell type, whereas the RS and H cells have 
manifested a *Hodgkin's" phenotype (Leu-M1 positive, 
LCA negative). 

A growing body of clinical, pathologic, and scientific 
evidence appears to support the hypothesis that the RS 
and H cells of HD derive from lymphoid cells and, in at 
least some cases, from B lymphocytes or precursor cells 
shared by B lymphocytes?! In our experience, we have 
not observed a composite lymphoma in which the com- 
ponents were HD and a T-cell lymphoma. Although HD 
has been described in patients with a T-cell malignancy, 
such as mycosis fungoides, it has not been observed in 
the same anatomic site. Similarly, our review of the lit- 
erature revealed that composite lymphomas including an 
HD component occur almost exclusively with B-cell lym- 
phomas. In cases that are not immunophenotyped, the 
B-cell nature of the NHL component often can be deter- 
mined from the histologic subtype (e.2., follicular lym- 
phoma, small lymphocytic lymphoma, or CLL). Cases of 
well-established HD that terminate in a leukemic phase 
also have been documented, in which the circulating cells, 
which morphologically resembled RS cells, had a B-cell 
phenotype and showed immunoglobulin gene rearrange- 
ments.?? Similarly, a cell line established from a patient 
with HD has expressed B-cell antigens and clonal karyo- 
typic abnormalities.” Immunophenotypic analyses (of RS 
and H cells) using frozen-sections' have also demonstrated 
the expression of the pan-B-cell antigen CD20, as detected 
with the B1?^9 and L26!? antibodies in some cases. 

More recently, cytogenetic and molecular studies have 
provided additional evidence suggesting that HD may be 
related closely to B lymphocytes. For example, cytogenetic 
analysis of tissues involved by HD has revealed clonal 
chromosomal abnormalities, including the t(14;18) 
(q32;q21) translocation, which typically is found in fol- 
licular lymphomas.* In our laboratory, Stetler-Stevenson 
and colleagues?" found this translocation in as many as a 
third of cases of HD of all subtypes, using the polymerase 
chain reaction and amplification for the major breakpoint 
region of the bcl-2 gene on chromosome 18. Indeed, five 
of nine patients in this series had an NHL with a follicular 
component at some point in their clinical course. Finally, 
immunoglobulin gene rearrangements also have been 
identified in many cases of HD with numerous RS and 
H cells, using Southern blot analysis.**-*° Therefore, these 
findings further suggest a close relationship between the 
RS cell and the B lymphocyte. 
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Often, it is difficult to distinguish follicular lymphoma from re- 
active follicular hyperplasia histologically. Immunotypic evidence 
of monoclonality cannot be demonstrated routinely or reliably 
in routine paraffin-embedded sections. To determine whether a 
panel of monoclonal antibodies reactive with lymphoid cells in 
paraffin-embedded sections might be useful in distinguishing 
these confusing proliferations, the authors examined 45 follicular 
lymphomas and 30 follicular hyperplasias with the following 
antibodies: L26, B2, MT1, MT2, and UCHIL-1. All sections 
were routine paraffin preparations from formalin- or B5-fixed 
tissue and were immunostained with the avidin-biotin immu- 
noperoxidase technique. Ninety-two percent of the B5-fixed and 
77% of the formalin-fixed lymphomas were MT2 positive. None 


Occasionally, all surgical pathologists face the challenge 
of distinguishing florid follicular hyperplasia (FH) from 
follicular (nodular) lymphoma (FL).'~’ In the mid-1920s, 
Brill and associates? and Symmers? described the mor- 
phologic features of FL but did not recognize that it was 
a neoplasm; they believed that 1t was some form of ex- 
treme lymphoid hyperplasia. Gall and associates recog- 
nized the neoplastic nature of the condition and proposed 
criteria for distinguishing FL from FH.!? Later, Rappaport 
and colleagues refined the criteria of Gall and associates 
and identified some additional helpful features. Nev- 
ertheless, no single morphologic feature differentiates these 
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of the reactive hyperplasias stained positively, and none of the 
other antibodies demonstrated consistent differences between 
these benign and malignant proliferations. M'T2 marks inter- 
follicular T cells and mantle-zone B cells in normal lymph nodes 
but does not mark normal germinal centers; this staining pattern 
is retained in reactive hyperplasia. However, paradoxically, in 
most follicular lymphomas the neoplastic germinal centers show 
aberrant MT2 positivity. The authors conclude that MT2 may 
be useful in distinguishing follicular lymphoma from follicular 
hyperplasia in paraffin sections. (Key words: Immunoperoxidase; 
MT2; Follicular lymphoma; Follicular hyperplasia; Paraffin 
sections; B5;) Am J Clin Pathol 1991;96:90-94 


follicular proliferations; accurate diagnosis depends on the 
coordinated evaluation of many microarchitectural and 
cytologic features. Although not foolproof, Rappaport's 
criteria have served pathologists well over the last 30 years. 
Still, some follicular proliferations defy accurate morpho- 
logic analysis,!! and, unless there is pathologic evidence 
of systemic disease, such as bone marrow infiltration, only 
time and the eventual outcome verify the true diagnosis. 
Because morphologic criteria lack some precision, inves- 
tigators have used newer diagnostic modalities. 
Follicular lymphoma can be diagnosed accurately by 
establishing that the proliferative nodules are monoclonal. 
Monotypic surface light chain staining within the nodules 
establishes their monoclonality.^!? In contrast, hyper- 
plastic follicles demonstrate polytypic staining. Alterna- 
tively, monoclonality can be confirmed by the demon- 
stration of immunoglobulin gene rearrangement. !6-"? FLs 
also have a characteristic karyotype”? and express a unique 
oncogenic protein (bcl-2) associated with a specific chro- 
mosomal abnormality.?! However, for consistent and re- 
liable results, these techniques require fresh unfixed tis- 
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sue, ^? Unfortunately, biopsy specimens usually arrive 
in the pathology laboratory in fixative, usually formalin. 
Moreover, the newer molecular biology techniques are 
not routinely available in most pathology laboratories. 

Although surface light chains are very difficult to dem- 
onstrate in formalin-fixed, paraffin-embedded sections, 
many B- and T-cell antigens are preserved in fixed tissue 
and detected readily with numerous new commercially 
available antibodies; these are reliable for immunotyping 
malignant lymphomas.” In this study, we evaluated a 
panel of antibodies that are reactive in paraffin sections 
to determine whether their immunostaining patterns 
could distinguish FL from FH. 


MATERIALS AND METHODS 


We retrospectively studied 45 formalin-fixed lymph 
nodes (from 45 patients) involved by FL and 30 formalin- 
fixed lymph nodes (from 30 patients) showing reactive 
FH. They were diagnosed by conventional light micro- 
scopic examination using the criteria of Rappaport and 
associates and Nathwani and associates*; the selected 
cases were typical and were not diagnostic problems. 
Thirteen of the lymphomas also were fixed in B5. These 
were placed in B5 for three hours, transferred to unbuf- 
fered 10% formalin, and left in formalin overnight. All 
specimens were processed routinely in paraffin. 

The tissues were immunostained using the avidin-bio- 
tin immunoperoxidase technique.” Primary antibody was 
omitted from negative controls. Details of the monoclonal 
antibodies are listed in Table 1. The diagnoses were coded, 
and follicles were evaluated by two observers and scored 
as positive or negative for each antibody. Equivocal cases 
were scored as negative. 


RESULTS 


In most cases, the immunostaining pattern observed 
with MT2 clearly distinguished FL from FH. Hyperplastic 
follicle centers were negative and were surrounded by 
strongly stained mantle zone cells (Fig. 1). Within the 
benign follicles, a light sprinkling of positive, normal, 


small round mature lymphocytes was seen; these marked 
as T cells with UCHL-1 and MT1. Occasional reactive 
follicle cells showed weak, patchy, cytoplasmic positivity. 

In contrast, the FL nodules were MT2 positive in 35 
of the 45 formalin-fixed nodes and in 12 of the 13 B5- 
fixed nodes (Fig. 2). Formalin-fixed sections showed 
staining heterogeneity within individual sections, and the 
extent and intensity of positivity varied from case to case. 
B5-fixed tissue stained more intensely, crisply, and uni- 
formly than formalin-fixed sections. Tumor cells had a 
surface-membrane staining pattern; however, large tumor 
cells with recognizable cytoplasm (centroblasts) also 
demonstrated cytoplasmic positivity. In some cases, MT2 
also stained variable numbers of interfollicular lymphoma 
cells. Usually these could be distinguished from normal 
interfollicular T cells by their irregular cleaved nuclei, 
which were larger than small mature lymphocytes. 

The immunostaining patterns seen with all other an- 
tibodies were similar in FL and FH, with no useful dif- 
ferentiating features evident. In general. thev reacted as 
expected: L26 and MB2 stained neoplastic and reactive 
follicles, whereas MT1 and UCHL-1 stained neither. 
Technically, B5-fixed tissue stained far better. 


DISCUSSION 


MT?2 is a mouse monoclonal antibody that reacts with 
a 200- and 190-kD antigen present on normal nonacti- 
vated T lymphocytes and B-mantle zone lymphocytes.^" 
It does not react with normal follicular center cells; how- 
ever, it marks many diffuse B-cell lymphomas. ^"! In their 
evaluation of various antibodies in paraffin sections, Pop- 
pema and associates”? briefly mentioned that the mono- 
clonal antibody MT2 reacted with FL cells but not with 
normal follicular cells in germinal centers. Our results 
confirm their observations and indicate that the mono- 
clonal antibody MT2 may be helpful in distinguishing FL 
from FH. 

Many of the criteria of Rappaport and colleagues for 
the diagnosis of FL also are found in FH. For example. 
in FL the follicles are classically uniform in size and shape. 


TABLE 1. MONOCLONAL ANTIBODIES REACTIVE WITH T AND B CELLS IN PARAFFIN SECTIONS 








Molecular 
Antibody Dilution Source weight Main Reactivity References 
L26 1/50 Dakopatts, 200 kd Pan B-cell marker 22-24, 26 
Denmark 
MB2 1/5 Biotest, 200 kd Pan B-cell marker 24. 25. 28, 29 
Germany 
MTI 1/5 Biotest, 190 kd Pan T-cell marker 24. 28. 29 
UCHLI 1/50 Dakopatts 195 kd Pan T-cell marker 24, 28 
MT2 neat Biotest 220 kd Pan T-cell marker 29 


Normal mantle zone B cells 
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FIG. | (upper). MT2 staining of follicular hyperplasia showing negative germinal centers surrounded by strongly reactive mantle-zone cells. Occasional 
small normal T cells within the follicles also are positive. The T cells also were positive with MTI and UCHLI. Original magnification (X40) 


FIG. 2 (lower). MT2 staining of follicular lymphoma. Neoplastic follicle cells are positive. Original magnification (40). 
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unlike reactive hyperplasia, in which the nodules vary in 
size and shape and often have an irregular serpiginous 
configuration. However, such confusing irregular nodules 
also are seen occasionally in lymphomas.’ Nathwani and 
associates applied the criteria of Rappaport and associates 
to 80 patients and, using clinical follow-up to establish a 
final diagnosis, found that some of Rappaport’s time- 
honored criteria, such as the size and shape of the follicles 
and the presence of extracapsular follicles, were not sta- 
tistically significant in separating benign from malignant 
follicles. In the study by Nathwani and colleagues, back- 
to-back, even distribution of follicles (regardless of size 
or shape) throughout the lymph node was the most im- 
portant feature. However, this pattern occurred in only 
85% of cases. The second most important feature was the 
number of follicles per unit area (low-power field area of 
16.466 mm^). Sixty or more follicles per unit area were 
found only in FL; this feature was present in 25% of FLs. 
The presence of interfollicular lympboma cells also was 
valuable; these are often difficult to identify. Frequently, 
we found that these interfollicular tumor cells were easier 
to identify in MT2-stained sections than in hematoxylin 
and eosin-stained sections. 

Although we believe that MT2 is valuable in distin- 
guishing FL from FH, we recognize that our study has 
some limitations. We evaluated these immunostaining 
reactions in straightforward cases of benign and malignant 
follicular proliferations, cases that could be diagnosed 
readily by conventional light microscopic examination. 
We do not know whether the results would be so dramatic 
or as easy to interpret with genuine diagnostic problems. 
Our results should be regarded as preliminary, therefore, 
and should be confirmed by other laboratories with larger 
numbers of lymphomas. A recent study by Norton and 
associates? also confirmed the value of MT2; they found 
that 50% of formalin-fixed FLs were MT2 positive. Also, 
Ng and colleagues demonstrated MT2 positivity in 8 of 
15 formalin-fixed FLs.?! 

We recommend the use of B5 fixation when possible; 
immunostaining with MT2 is crisp, easy to interpret, and 
far superior to staining after formalin fixation. The vari- 
able staining intensity and nonreactivity seen in some for- 
malin-fixed sections could be caused by a number of tech- 
nical factors, such as duration of fixation and whether or 
not the formalin was buffered (we find that unbuffered 
formalin is better for most immunostaining procedures). 
Some cases were processed in other laboratories, and we 
do not know all of the details regarding processing. We 
have observed that prolonged fixation in formalin (longer 
than 24 hours) reduces or abolishes immunoreactivity 
for MT2. 

There are potential problems in the interpretation of 
MT2-positive nodules. FL should not be confused with 


small nodules of MT2-positive mantle cells in tangential 
sections through primary or reactive follicles; conventional 
histologic morphologic evaluation differentiates these: 
also, FLs are LN1 positive in B5-fixed tissue (and some- 
times in formalin-fixed tissue), whereas mantle-zone nod- 
ules are LN1 negative.” Progressively transformed ger- 
minal centers and reactive lymph nodes showing follicular 
lysis contain MT2-positive cells and are a potential source 
of confusion; these should be differentiated, again. by 
careful morphologic evaluation. Usually these MT2-pos- 
itive lymphocytes are small and strongly reactive, like 
normal T cells or mantle zone cells, and can be distin- 
guished from adjacent groups of follicular center cells. 
We also have observed that the nodules in nocular lym- 
phocyte-predominant Hodgkin's disease are MT2 posi- 
tive. We have no experience with pseudonodular T-cell 
lymphomas***> and do not know how these would react 
with MT2. Heterogeneity of staining poses a potential 
diagnostic problem. This is especially evident with tissue 
processed after prolonged formalin fixation: unfortu- 
nately, this limits the potential usefulness of MT2 im- 
munoreactivity. With B5 fixation, staining heterogeneity 
is not a problem. 

With the above caveats in mind, we recommend the 
following: If the follicles are nonreactive and the technical 
preparation is good, as evidenced by strong staining of 
residual mantle cells, the lesion probably is benign. If the 
follicles show equivocal staining or the technical prepa- 
ration is inadequate, results cannot be interpreted reliably. 
If the follicles are clearly reactive with MT2, the diagnosis 
is FL. 
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The authors previously demonstrated that bone marrow plas- 
macytosis in primary (AL) amyloidosis may be monoclonal or 
polyclonal. However, the clinical implications of the degree of 
plasmacytosis and its clonality have not been studied. The authors 
evaluated 62 patients with AL amyloidosis, 40 of whom had 
monoclonal medullary plasma cells. There was complete con- 
cordance between the light chain class of the plasma cells in the 
monoclonal cases and that of the circulating paraprotein in the 
22 cases associated with a paraprotein. The remaining 22 patients 


Primary amyloid of immunoglobulin light chain origin 
(AL) amyloidosis is associated with the deposition of 
amyloid fibrils, which have been shown to be structurally 
homologous to portions of immunoglobulin light chains. '- 
!? This disorder often is associated with the presence of 
paraprotein in the serum or urine?^9??:?-!16 and with an 
increased number of plasma cells in the bone marrow, 
even in the absence of clinically overt multiple my- 
eloma.! ^7? 

Previously, we studied bone marrow biopsy specimens 
from 45 patients with systemic amyloidosis to assess the 
degree of the medullary plasmacytosis and its clonality 
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had polyclonal plasma cells, although a paraprotein was detected 
in 6. The degree of plasmacytosis was significantly higher among 
patients with monoclonal plasma cells and correlated inversely 
with length of survival. The authors’ findings indicate that the 
quantitation of bone marrow plasma cells in AL amyloidosis by 
immunoperoxidase studies may predict the clinical course. (Key 
words: AL amyloidosis; Clonality; Plasma cells; Immunoper- 
oxidase) Am J Clin Pathol 1991;96:95--99 


(monoclonal vs. polyclonal).*! Twenty-four of 35 patients 
with AL amyloidosis had monoclonal plasma cells, 
whereas 11 had polyclonal plasma cells. Five patients with 
secondary amyloidosis and five with familial amyloidosis 
had a mild polyclonal plasmacytosis. This study suggested 
that two subgroups of patients may have primary amy- 
loidosis: patients with a monoclonal plasmacytosis rep- 
resenting part of the spectrum of plasma cell dyscrasias, 
and patients in whom a monoclonal plasmacytosis cannot 
be documented. However, the clinical implications of the 
degree of bone marrow plasmacytosis and the clonality 
of the medullary plasma cells have not been studied. We 
studied a larger series of patients with AL amvloidosis to 
assess the relationship of bone marrow morphologic and 
immunohistologic characteristics to the disease's behavior. 


MATERIALS AND METHODS 


Patient Population 


Sixty-six cases of AL amyloidosis, for which bone mar- 
row biopsy specimens or particle sections were available. 
were retrieved from the files of the Amyloid Research 
Center at Boston University Medical Center. The bone 
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marrows were obtained between 1976 and 1989. All the 
patients had signs and symptoms related to organ in- 
volvement by amyloidosis. Their disease was classified as 
primary systemic amyloidosis on clinical and laboratory 
grounds. Patients with clinically overt multiple myeloma, 
as manifested by osteolytic bone lesions or generalized 
osteoporosis, hypercalcemia, or severe anemia, were ex- 
cluded.” 


Bone Marrow Studies 


The bone marrow specimens were fixed in Zenker’s 
fixative and processed routinely. Paraffin sections were 
stained with hematoxylin and eosin (H and E), periodic 
acid-Schiff reagent (PAS), and Congo red stain for amy- 
loid. In 53 cases, Wright-Giemsa-stained bone marrow 
smears also were available. Sections for immunohisto- 
chemical studies were prepared from paraffin blocks. Cy- 
toplasmic immunoglobulin light chains were demon- 
strated by the immunoperoxidase indirect sandwich tech- 
nique, using a method published previously,” which was 
directed against kappa and lambda light chains (DAK- 
OPATTS, Copenhagen, Denmark). Cases of known mul- 
tiple myeloma with concordant paraproteins were used 
as positive controls. 

Cell counts, performed on immunoperoxidase sections, 
and on bone marrow smears when available, were based 
on 200 nucleated cells or, in cases in which 200 cells were 
not available, on the total number of nucleated cells in 
the marrow space. 


Statistical Analysis 


Clinical and laboratory data were obtained from the 
files of the Amyloid Research Center and the patients’ 
hospital records. For statistical analysis, the duration of 
the disease was defined as the length of time from: the 


date of diagnosis to the date of the bone marrow biopsy. 
Survival time was calculated 1n two ways: from the date 


` of diagnosis to the date of death, or to the present time, 


if the patient was still alive; and from the date of bone 
marrow biopsy to death, or to the present. Because of the 
skewed nature of the data for disease duration and sur- 
vival, we used the median along with the mean + standard 
deviation in presenting the data for these parameters. 

All statistical analyses were done with SAS software 
(SAS Institute, Cary, NC). Data were compared by the 
analysis of variance (ANOVA) for the continuous data 
or chi-square analysis for the discrete (categoric) data. 
Scheffe's post hoc multiple testing was used, when nec- 
essary, for individual group comparisons once significance 
was established with ANOVA.” The survival analysis was 
conducted using Cox's proportional hazards regression 
model.” In all instances, a P value less than or equal to 
0.05 indicated statistical significance. 


RESULTS 


Patient Population 


Four cases were reclassified as multiple myeloma on 
the basis of sheets of anaplastic plasma cells in the bone 
marrow biopsy specimens. These cases were excluded 
from the study, leaving a total of 62 patients for evaluation. 
The patients included 34 men and 28 women, with an 
age range of 36.7-81.2 years (mean, 60.5 + 10.4 years) at 
the time of bone marrow biopsy (Table 1). The duration 
of disease ranged from 0.0 to 5.8 years (median, 0.4; mean, 
1.0 + 1.3 years) at the time of bone marrow biopsy. Fifty- 
nine of the 62 patients were treated with colchicine; 8 of 
these patients also received melphalan and prednisone. 
Two of the remaining three patients were treated with 
melphalan and prednisone alone, whereas in one patient 


TABLE 1. MORPHOLOGIC AND CLINICAL FEATURES OF 62 CASES OF AL AMYLOIDOSIS 


All 62 Cases (mean) 


Sex 34M 28F 
Age* (years) 36.7-81.2 
(60.5 + 10.4) 
7o Plasma cells 3-30% 
(10.5 + 7.0%) 
Paraprotein 28 cases 
Duration} (years) 0.0-5.8 
(1.0 + 1.3; median 0.4) 
Survivalt (years) 0.0--11.1 
(1.7 + 1.8; median 1.2) 
Survival§ (years) 0.1-11.3 


(2.7 + 2.2; median 2.0) 


* Age at time of bone marrow biopsy. 
T Duration of disease from date of diagnosis to date of death or present. 


40 Monoclonal Plasma 
Cells (mean) 


22 Polyclonal Plasma 
Cells (mean) 


17M 23F 17M SF 
37.2 -71.9 36.7—-81.2 
(59.3 + 9.7) (62.5 + 11.6) 
3--3096 3-30% 
(12.1 + 6.8%) (7.5 + 6.4%) 
22 cases 6 cases 
0.1-4.5 0.0-5.8 
(0.8 + 1.0; median 0.4) (1.2 + 1.7; median 0.6) 
0.0-1 1.1 0.2-5.4 
(1.6 + 1.9; median 1.1) (2.0 + 1.5; median 1.7) 
0.1-11.3 0.1-9.0 


(2.4 + 2.1; median 1.9) (3.2 + 2.3; median 2.8) 


$ Length of survival from date of bone marrow biopsy to date of death or present. 
§ Length of survival from date of diagnosis to date of death or present. 
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only the symptoms were treated. In January 1990, 18 of 
the 62 patients were alive. Survival length from the time 
of the bone marrow biopsy ranged from 0.0 to 11.1 years 
(median, 1.2; mean, 1.7 + 1.8 years). Survival length from 
the time of diagnosis ranged from 0.1 to 11.3 years (me- 
dian, 2.0; mean, 2.7 + 2.2 years). 

Results of immunoelectrophoreses were available in all 
cases. Serum or urinary protein studies documented a 
paraprotein in 28 cases. 


Morphologic Characteristics and Immunohistologic 
Studies 


The percentage of bone marrow plasma cells ranged 
from 3.0 to 30% (mean, 10.5 + 7.0%). Amyloid was iden- 
tified in the bone marrow biopsy specimens of 20 of the 
57 cases (35%) in which the Congo red stain was per- 
formed. 

Immunoperoxidase studies identified monoclonal bone 
marrow plasma cells in 40 cases (17 men, 23 women). 
The percentage of bone marrow plasma cells in the 
monoclonal cases ranged from 3.0 to 30% (mean, 12.1 
+ 6.8%). The bone marrow plasma cells contained lambda 
light chains in 30 cases and kappa light chains in 10. There 
was complete concordance between the light chain class 
of the bone marrow plasma cells and that of the circulating 
paraprotein in the 22 monoclonal cases in which a para- 
protein was detected. Of the patients with monoclonal 
plasma cells, ages at bone marrow biopsy ranged from 
37.2 to 77.9 years (mean, 59.3 + 9.7 years). The duration 
of disease ranged from 0.1 to 4.5 years (median, 0.4; mean, 
0.8 + 1.0 years). Survival length from the time of bone 
marrow biopsy ranged from 0.0 to 11.1 years (median, 
1.1; mean, 1.6 + 1.9 years). Survival length from the time 
of diagnosis ranged from 0.1 to 11.3 years (median, 1.9; 
mean 2.4 + 2.1 years). 

Immunoperoxidase studies in the remaining 22 cases 
were interpreted as showing polyclonal findings on the 
basis of approximately equal numbers of plasma cells 
staining with each of the light chain reagents. The per- 
centage of bone marrow plasma cells ranged from 3 to 
30% (mean, 7.5 + 6.4%). A circulating paraprotein was 
detected in six cases in which the bone marrow plasma 
cells appeared to be polyclonal by immunoperoxidase 
studies. The percentage of plasma cells in these six cases 
ranged from 3 to 29% (10% or less in five cases, 29% in 
the sixth). The polyclonal cases were from 17 men and 
five women, whose ages at bone marrow biopsy ranged 
from 36.7 to 81.2 years (mean, 62.5 + 11.6 years). The 
duration of the disease at the time of bone marrow biopsy 
ranged from 0.0 to 5.8 years (median, 0.6; mean, 1.2 + 1.7 
years). Survival length from the time of bone marrow 
biopsy ranged from 0.2 to 5.4 years (median, 1.7; mean, 


2.0 + 1.5 years). Survival length from the time of diagnosis 
ranged from 0.1 to 9.0 years (median, 2.8; mean, 3.2 + 2.3 
years). 


Statistical Analysis 


There were significantly more bone marrow plasma 
cells among patients whose plasma cells were found to be 
monoclonal by immunoperoxidase studies (P = 0.01 1). 
Among the monoclonal cases, there was no significant 
difference in the percentage of bone marrow plasma cells 
between patients whose plasma cells demonstrated kappa 
or lambda light chains (P — 0.464). The percentage of 
plasma cells was also greater among patients with a cir- 
culating paraprotein (mean, 12.4 + 8.3%) than among 
those without a paraprotein (mean, 8.9 + 5.1%), although 
these results were of borderline statistical significance (P 
= 0.068). 

The duration of disease at the time of bone marrow 
biopsy did not correlate with sex (P = 0.775), the presence 
of a paraprotein (P = 0.689), the percentage of bone mar- 
row plasma cells (P = 0.366), or the clonality of the bone 
marrow plasma cells (P = 0.190). Women had signifi- 
cantly more bone marrow plasma cells (mean, 12.6 
+ 7.6%) than did men (mean, 8.7 + 5.8%) (P = 0.025); 
they also had a higher incidence of monoclonality of the 
bone marrow plasma cells (P = 0.008). In addition, they 
had a higher incidence of a circulating paraprotein than 
did men (57% for women, 35% for men), but these results 
were not statistically significant (P = 0.085). 

The degree of medullary plasmacytosis was related in- 
versely to patients’ survival, both from the time of bone 
marrow biopsy and the time of diagnosis (P — 0.033). 
Patients with higher percentages of bone marrow plasma 
cells usually had shorter survival times. At any point in 
time, the risk of death for a patient with 1096 plasma cells 
in the bone marrow compared with one having 5% plasma 
cells was 1.25 (95% confidence interval, 1.02-1.52). How- 
ever, there was no correlation between the clonality of 
the bone marrow plasma cells and survival (P = 0.43). 
There was also no relationship between survival and the 
presence or absence of a paraprotein (P = 0.13) or between 
survival and sex (P = 0.156). Among the monoclonal 
cases, the light chain subclass of the medullary plasma 
cells and of the paraprotein in cases associated with a 
paraprotein showed no correlation with survival (P - 
0.08). The P values were identical for both measures of 
survival when their relationships to these parameters were 
assessed. 


DISCUSSION 


The term primary amyloidosis traditionally was usec! 
to define a disease in which the systemic deposition o` 
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amyloid occurs in the absence of a predisposing underlying 
chronic inflammatory disorder.” However, in 1971 it was 
reported that these amyloid fibril deposits were related to 
portions of immunoglobulin light chains.'* Subsequently, 
at the Third International Symposium on Amyloidosis 1n 
1979, the biochemistry of the amyloid fibril became the 
basis of classification of the various types of amyloid- 
osis.^9$?7 Primary amyloidosis, now designated AL am- 
yloidosis,^!*?" is regarded as part of the spectrum of 
plasma cell dyscrasias with an associated derangement in 
the synthesis of immunoglobulins.!':1?717192128-3? portions 
of immunoglobulin light chains, most commonly the 
fragments that constitute the variable region of the N ter- 
minal end of the lambda light chain, are the major con- 
stituents of the amyloid fibrillar substance in AL amy- 
loidosis. 1458-1433 Lambda light chains contain six variable 
region subgroups.” In contrast, the amyloid fibrils in sec- 
ondary amyloidosis, termed AA (amyloid of AA orgin) 
amyloidosis, are related to a nonimmunoglobulin serum 
protein.'* Usually, the survival length in patients with AL 
amyloidosis is short,!^^325535 and previous studies have 
suggested that congestive heart failure and hepatomegaly 
may be poor prognostic factors.7°7” 

We used immunoperoxidase stains for immunoglobulin 
light chains to help identify and quantitate plasma cells 
in the bone marrow biopsy specimens of 62 patients with 
AL amyloidosis and to assess the clonality of the plasma 
cells. This study confirmed our previous finding that the 
bone marrow plasmacytosis in AL amyloidosis may be 
monoclonal or polyclonal. Monoclonal plasma cells were 
identified in 40 cases, with complete concordance between 
their light chain class and that of the circulating parapro- 
tein in the 22 cases in which a paraprotein was detected. 
Polyclonal plasma cells were identified in the remaining 
22 cases, although a paraprotein was detected in 6 of these 
polyclonal cases. The percentage of bone marrow plasma 
cells was significantly higher in patients with monoclonal 
plasma cells. 

Our findings indicate that the quantitation of the bone 
marrow plasma cells in AL amyloidosis may be of prog- 
nostic significance. However, the clonality of the bone 
marrow plasma cells (monoclonal vs. polyclonal) did not 
appear to predict survival from the time of bone marrow 
biopsy or from the time of diagnosis. Although it might 
be hypothesized that the percentage of bone marrow 
plasma cells reflects the duration of disease, we found that 
duration of disease at the time of bone marrow biopsy 
showed no correlation with the degree of medullary plas- 
macytosis. 

It also might be suggested that the clonality of the bone 
marrow plasma cells reflects the duration of disease, with 
a neoplastic clone emerging as the disease progresses. Our 
findings indicate, however, that the duration of disease 


does not correlate with the clonality of the bone marrow 
plasma cells or with the presence or absence of a para- 
protein. 

It is interesting that women had significantly higher 
percentages of bone marrow plasma cells than did men. 
This suggests that women with AL amyloidosis may have 
a worse clinical course than men. Women also had a 
higher incidence of monoclonality of their plasma cells. 

For several reasons, bone marrow biopsy should be part 
of the workup of patients with amyloidosis. It primarily 
should be performed to rule out clinically unsuspected 
multiple myeloma. In a patient with AL amyloidosis, 
the diagnosis of multiple myeloma is difficult and some- 
times arbitrary because the two syndromes have overlap- 
ping manifestations. Therefore, we used clinicopathologic 
correlations to exclude patients with multiple myeloma. 
In most cases, one cannot rely only on bone marrow mor- 
phologic characteristics and immunostaining to diagnose 
myeloma in a patient with AL amyloidosis because these 
patients can have a monoclonal plasmacytosis that does 
not progress to clinically overt myeloma. However, we 
did find four cases in which multiple myeloma was di- 
agnosed on the bone marrow biopsy specimen on the basis 
of sheets of anaplastic plasma cells replacing the marrow 
space. 

Additionally, amyloid was identified in the bone mar- 
row in 20 of our 62 cases, indicating that bone marrow 
biopsy may be a useful diagnostic procedure in docu- 
menting the presence of amyloidosis.!^19293535? Immu- 
noperoxidase stains for immunoglobulin light chains 
should be performed for patients with AL. amyloidosis 
because these stains help one to recognize and quantitate 
plasma cells in bone marrow biopsy specimens. Moreover, 
our findings indicate that the quantitation of the med- 
ullary plasma cells in AL amyloidosis may be of prognostic 
significance. 

The clinical implications of the clonality of bone mar- 
row plasma cells in AL amyloids remain unclear. This 
study confirms that the bone marrow plasma cells in this 
disorder may be monoclonal or polyclonal. However, the 
presence of a paraprotein in six cases in which the plasma 
cells appeared to be polyclonal suggests that there may 
have been a monoclonal plasmacytosis that was not de- 
tected because of sampling error or that a reactive poly- 
clonal plasmacytosis, perhaps secondary to infection, may 
have masked the primary plasma cell clone.*! These find- 
ings suggest that more sensitive techniques— particularly 
studies for immunoglobulin gene rearrangements— 
should be used in a prospective study to determine 
whether a clone of neoplastic plasma cells actually is pres- 
ent in AL amyloidosis cases in which the immunoper- 
oxidase studies appear to indicate a polyclonal plasma- 
Cytosis. 
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Disorders Using Two-Color 
Flow Cytometric Analysis 


MICHAEL L. MILLER, D.O. ANDREW J. FISHLEDER, M.D., 
AND RAYMOND R. TUBBS, D.O.? 


The monoclonal antibodies (MioAbs) CD22 and CD1 1c recognize 
B-lymphocyte- and monocyte-associated antigens, respectively. 
Reports indicate that when these two MoAbs co-express, they 
represent a umique marker for hairy cell leukemia (HCL) al- 
though neither is specific for that disease. The authors evaluated 
the expression and diagnostic utility of CD22 and CDIIC in 
specimens from 26 normal subjects, 29 patients with various 
nonlymphoproliferative disorders (NLPDs), and 75 patients with 
different types of chronic lymphoproliferative disorders (CLDs) 
using two-color flow cytometric analysis of peripheral blood 
lymphocytes. Lymphocytes co-expressed CD22 and CD11c in 
<3% of the normal subjects and in <6% of the patients with 
NLPDs. These markers were expressed in >10% of the lym- 
phocytes of 46% (32/69) of the patients with B-cell CLDs: B- 
cell chronic-Iymphocytic leukemia, 9/41; B-cell non-Hodgkin's 
lymphoma, 8/14; HCL, 11/11; B-cell lymphoproliferative dis- 
order (NOS), 1/2; and B-cell prolymphocytic leukemia, 1/1. 
None (0/6) of the lymphocytes of patients with T-cell CLDs 


Chronic lymphoproliferative disorders (CLDs) are im- 
munophenotypically heterogeneous and include chronic 
Iymphocytic leukemia, prolymphocytic leukemia, hairy 
cell leukemia (HCL), adult T-cell leukemia/lymphoma, 
chronic T-y lymphoproliferative disease, and non-Hodg- 
kin's lymphoma. The lymphoid cells in each of these en- 
tities express an array of surface antigens that are helpful 
in differentiating between these disorders, especially when 
they are considered in conjunction with the Wright-stain 
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expressed >10% CD22-positive (CD22*) or CD11c-positive 
(CD11c*) cells. The HCL cases demonstrated a unique 
CD22'CD11c* fluorescence histogram pattern, distinct from 
other lymphoproliferative disorders, that was characterized by 
uniformly intense CD11c and CD22 fluorescence. Differences in 
the expression of the CD22*CDile” and CD22 CDI11c* phe- 
notypes between diagnostic groups were found, most notable was 
a paucity of CD22*CDI11c^ cells in lymphocytes of patients with 
HCL. CD22 also had more variable expression than CD19 and 
HLA-DR in the cases of B-cell CLD. This study demonstrates 
that the CD22'CD11c* phenotype is not unique to HCL but is 
a consistent feature of that disorder and that the immunofluo- 
rescence pattern of co-expression in HCL is diagnostically useful. 
(Key words: CD22; CD1 1c; Immunophenotyping; Chronic lym- 
phoproliferative disorders; Hairy cell leukemia; Integrin recep- 
tors; Monoclonal antibodies) Am J Clin Pathol 1991;96:100- 
108 


morphology and the clinical history. Unfortunately, no 
antigenic markers can identify specific CLD subtypes. 
However, certain lymphoid phenotypes are associated 
more frequently with specific CLDs, such as the co- 
expression of CD19 and CDS in chronic lymphocytic leu- 
kemia (CLL),'? the co-expression of CD3 and CD4 in 
conjunction with the deletions of CD7 and Leu 8 by Sé- 
zary cells of mycosis fungoides,** and the expression of 
CD8, CD16, CD56, CD57, and Leu 7 (HNK-1) by the 
large granular lymphocytes of chronic T-y lymphoprolif- 
erative disease.>~’ 

Two monoclonal antibodies (MoAbs), anti-Leu M5 (S- 
HCL-3; CDI11c) and anti-Leu 14 (S-HCL-1; CD22), have 
been developed to aid in the diagnosis of HCL using HCL 
cells as the antigenic stimulus.? The CD1 1c antigen has 
been characterized as an integrin receptor or adherence 
molecule expressed by monocytes/macrophages, granu- 
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locytes, and a variety of T- and B-cell lymphoproliferative 
disorders.”'° CD22 is a pan—B-cell antigen found in high 
concentration on HCL cells. The expression of both an- 
tigens by the lymphoid cells of a CLD initially was con- 
sidered to be specific for HCL. However, we recently 
reported the results of a preliminary study in which these 
antigens were co-expressed by the lympbocytes of other 
CLDs.!! To define further the diagnostic utility and spec- 
ificity of these markers, we examined additional individ- 
uals, including normal volunteers and patients with a va- 
rety of CLDs and nonlymphoproliferative disorders 
(NLPDs). 


METHODS AND MATERIALS 


Source of Patient Specimens 


Blood specimens submitted to the Department of Lab- 
oratory Hematology at The Cleveland Clinic Foundation 
between June 1, 1987 and September 1, 1990, for im- 
munotyping of CLDs or for lymphocyte-subset analysis 
of NLPDs were selected for this study. The specimens 
included 75 from patients with CLDs: 41 patients with 
B-cell chronic lymphocytic leukemias (B-CLLs); 2 with 
unclassifiable B-cell lymphoproliferative diseases (B-LPD); 
14, circulating B-cell non-Hodgkin's lymphomas (B- 
NHL); 11, HCL; 1, B-cell prolymphocytic leukemia (B- 
PLL); 1, T-cell prolymphocytic leukemia (T-PLL); 2, T- 
cell chronic lymphocytic leukemias (T-CLL); 2, Tw 
chronic lymphoproliferative disease (Ty-LPD); and 1 with 
Sézary syndrome. Twenty-nine lymphocyte-subset anal- 
yses were performed for the following NLPDs: uveitis, 
viral/reactive lymphocytosis, and interferon therapy; there 
was no clinical evidence of lymphoid neoplasia, and no 
clonal proliferation was identified by subset analysis. 

A clinical diagnosis was received with each specimen, 
and a white blood cell (WBC) count with differential and 
Wright-stained blood smear was examined in each case. 
An interpretation of the immunophenotypic profile was 
rendered and each case subclassified after correlation with 
the WBC count, absolute lymphocyte count, lymphocyte 
morphology, clinical history, and tissue biopsy diagnosis 
(bone marrow and lymph node), if performed. All lym- 
phomas where confirmed by lymph node biopsies. A di- 
agnosis of unclassifiable LPD was made when the disease 
process could not be diagnosed based on the laboratory 
and clinical parameters examined. The HCL cases in- 
cluded types I and type II, all confirmed by tartrate-resis- 
tant, acid-phosphatase staining. 

To establish a normal range for the antigens studied, 
lymphocyte subset analysis was performed on 26 healthy 
volunteers (laboratory personnel) who had not been ill or 
received medications for two weeks prior to the subset 
analysis. 


Blood Collection 


Whole blood was collected by venipuncture into hep- 
arinized or EDTA vacutainer tubes (Becton Dickinson, 
Rutherford, NJ). A complete blood count with leukocyte 
differential was performed, and lymphocyte morphology 
was examined on Wright-stained blood smears in each 
case. The quantity of blood collected varied depending 
on the absolute number of lymphoid cells present. The 
specimens were stored at room temperature for no longer 
than four hours before processing. If processing was de- 
layed, the whole blood or ficolled cells were placed in 
RPMI 1640 tissue culture media at room temperature. 


Isolation of Mononuclear Cells 


A mononuclear cell (MC) suspension was prepared 
from the whole blood specimen using Ficoll-Paque (Phar- 
macia LKB Biotechnology Inc., Piscataway, NJ) density- 
gradient separation. After isolation of the MCs. the cells 
were washed twice with Hank's balanced salt solution 
without calcium or magnesium and resuspended in 1.0 
mL of modified RPMI 1640. The total cell count was 
adjusted to 2.5-10.0 X 10° cells/mL. A leukocyte differ- 
ential was performed on a Wright-stained cytospin prep- 
aration to assess lymphocyte morphology and monocyte/ 
granulocyte contamination. 


Monoclonal Antibodies 


The MoAbs were obtained from Becton Dickinson Im- 
munology (Mountain View, CA). Their specificity 1s 
summarized in Table 1. All of the MoAbs were conjugated 
with FITC or phycoerythrin (PE) and are commercially 
available, with the exception of CDI 1c (Leu M5), which 
was custom conjugated with PE specifically for ihis study, 
courtesy of Becton Dickinson. Conjugated nonimmune 


TABLE 1. MONOCLONAL ANTIBODY SPECIFICITIES 


Antibody Specificity 
CD3 (Leu 4) Mature T cells 
CD5 (Leu 1) Pan T cell, B CLL, NHL* 
CD1Ic¢ (Leu M5) Monocytes/macrophages, NK cells, HCL 
CD14 Leu (M3) Monocytes/macrophages 
CDI9 (Leu 12) Pan B cell, including pre B and pre-pre- 
B cells 
CD22 (Leu 14) Pan B cell 


CD45 (HLe-1) 
HLA-DR 


Pan leukocyte 
B cells, activated T cells, monocytes/ 
macrophages 


All antibodies were obtained from the Becton-Dickinson Monoclonal Center Mountain View, 
California. CDI 1c initially was custom conjugated with phycoerythrin for this evaluation, courtesy 
of Becton-Dickinson. 

* Some low-grade, B-cell non-Hodgkin's lymphomas may express CD5 (0 e, : mall lymphocy ttc 
and intermediate cell types). See further sources: Burns BF, Warnke RA, Doggcit EH, Rouse RV 
Expression of a T-cell antigen (Leu-1) by B-cell lymphomas. Am J Patho! 1933,113:165— 171. 
and Weisenburger DD, Sanger WG, Armitage JO, Purtilo DT. Intermediate ly mpt ocytic lymphoma 
immunophenotypic and cytogenetic findings. Blood 1987;69:1617—1621. 
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TABLE 2. ANTIBODY COMBINATIONS COMPOSING THE 
DUAL LABEL IMMUNOTYPING PANELS* 


FITC 

Conjugates PE Conjugates 
IgG, (control) IgG>, (Control) 
HLe-1 (CD45) Leu M3 (CD14) 
Leu 12 (CD19) Leu 1 (CD5) 
Leu 3a (CD4) Leu 8 
Leu 4 (CD3) HLA-DR 
Leu 2 (CD8) Leu 15 (CD1 Ib) 
Leu 16 (CD20) CRII (CD21) 
Leu 4 (CD3) Leu 15 (CDI11b) 
IgG; (Control) IgG», (Control) 
Leu 14 (CD22) Leu M5 (CDI te) 
Leu 9 (CD7) Leu 1 (CD5) 
IgG; (Control) IgG, (Control) 
Leu 3a (CD4) Leu 2 (CD8) 


Leu 11a (CD16) Leu 19 (CD56) 


FITC = fluorescein isothiocyanate; PE = phycoerythrin. 
* Only the pertinent antibody combinations were reported in this study; the actual panels 
provided a more extensive immunophenotypic profile. 


isotype-specific IgG antisera were run simultaneously as 
negative controls. Panels of MoAbs were constructed to 
evaluate either the LPDs or the lymphocyte subsets. The 
antibody combinations composing each of these panels 
were selected from those shown in Table 2. 


Two-Color Direct Immunofluorescence Labeling 


Aliquots of 1.0-0.25 x 10° MCs in 100 uL of modified 
hPMI 1640 were pipetted into each analysis tube. The 
MCs were vortexed, and 5 uL of mouse IgG-blocking 
serum (Becton Dickinson Immunology) was added. The 
mixture was vortexed and incubated at 4 °C for 5 minutes, 
and 20 uL of the appropriate FITC and PE conjugated 
MoAbs were added at an optimal dilution, that was pre- 
determined for each antibody. The mixtures were incu- 
bated at 4 °C in the dark for 30 minutes. The tubes were 
vortexed initially and every 10 minutes during the incu- 
bation. After incubation, the cells were washed twice in 
2.0 mL of cold wash solution (92.3 g hemagglutination 
buffer and 1.0 g sodium azide) and centrifuged at 300 g 
for 5 minutes at 4 °C. After the final wash, the cells were 
resuspended in 5 uL of 2.0% paraformaldehyde, and the 
tubes were covered and stored at 4 °C pending analysis 
of the specimens. 


Flow Cytometric Analysis 


MoAb-labeled MCs were analyzed using a FACScan 
flow cytometer (Becton Dickinson Immunocytometry, 
San Jose, CA). Gain on fluorescence detectors was ad- 
justed to compensate for spectral overlap of red and green 
fluorescence signals by using cells co-labeled with MoAbs 
that had distinctly different antigenic specificity (i.e., CD4- 


FITC/CD8-PE). Gated analysis was performed using a 
dual parameter light-scatter histogram in which a recti- 
linear gate was placed around the lymphocyte population 
to be analyzed. The purity of the gated lymphoid cell 
population was checked using CD45 and CD14 (Leuko- 
gate, Becton Dickinson Immunology). Monocyte con- 
tamination did not exceed 2%. Quadrant analysis of two- 
color dot-plot or contour-plot histograms was performed 
by setting the vertical and horizontal cursors on the iso- 
typic negative-control population so there were <1% pos- 
itive cells. The true percentage of cells positive for each 
marker in quadrants 1, 2, and 4 was calculated by sub- 
tracting background or nonspecific fluorescence in those 
quadrants of the isotypic-negative controls. 


Statistical Analysis 


One hundred twenty-one patients and normal individ- 
uals were characterized as belonging to one of five diag- 
nostic groups (B-CLL, B-NHL, HCL, NLPD, and normal) 
to determine if there were any statistical differences be- 
tween the groups regarding the percentage of lymphoid 
cells for each of six phenotypic categories (CD22*CD1 Ic", 
CD22'CD11ic, CD22-CD11c*, CD22*, CD19*, and 
HLA-DR"). Because the percentages of lymphoid cells 
within the phenotypic categories were not normally dis- 
tributed, the nonparametric Kruskal-Wallis test was used 
to compare the diagnostic groups within each of the six 
categories. Dunn’s procedure for multiple comparisons 
was used if the tests showed significant differences between 
groups. Total CD19* and CD22"* cells were compared to 
the normal group using the Wilcoxon's rank sum test. 
Differences were considered significant for P values 
x 0.05. The cases of B-LPD (2), B-PLL (1) and T-cell 
disorders (6) were not included in the statistical analysis 
because of the small number of cases or the paucity of 
positive cells in the phenotypes studied (T-cell cases). 


RESULTS 


The hematologic data and immunophenotypic results 
for each diagnostic group are summarized in Table 3. 


Normal Subjects and Patients with 
Nonlymphoproliferative Disorders 


A normal range of expression was established for the 
CD22 and CD11c antigens using 26 normal subjects. Only 
a small number of CD22*CD1Ic* cells were detectable 
(median 2%, range 0-3%), whereas larger populations of 
CD22'CDlIc. cells (median 7%, range 3-15%) and 
CD22-CD1ic* cells (median 11%, range 3-229») were 
found. 
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TABLE 3. HEMATOLOGIC DATA AND IMMUNOPHENOTYPIC RESULTS FOR EACH DIAGNOSTIC GROUP 


WBC Lymphocytes 

Diagnostic Group (X10?/L) (X10?/L) 
Normals 

n 26 26 

Median 6 2 

Range 4-13 1-3 
NLPD 

n 29 29 

Median 8 2 

Range 4-14 1-8 
B-CLL 

n 41 4] 

Median 28 25 

Range 7-238 5-236 
B-NHL 

n 14 14 

Median 18 11 

Range 7-95 2-92 
HCL 

n 11 11 

Median 13 8 

Range 1-188 1-182 
B-LPD 

n 2 2 

Median 38 i7 

Range 17-58 11-23 
B-PLL 

n Í ] 

Median 66 62 

Range 66 62 


Results of the 29 NLPD cases were similar to those of 
the normal group in that there was a paucity of 
CD22*CD1 Ic* cells (median 1%, range 1-6%) and greater 
numbers of CD22*CD11c™ cells (median 7%, range 1- 
21%) and CD22 CDI Ic" cells (median 5%, range 1-33%). 
The only significant difference between the results of the 
normal group and NLPDs group was found in the 
CD22 CDlic* phenotype, which was expressed to a 
greater extent in the normals. 

There was no statistically significant difference between 
the normal and NLPD groups for any of the phenotypic 
categories studied. 


B-Cell Lymphoproliferative Disorders 


CD22*CDI1c* Phenotype. Figure | demonstrates the 
median percentage of cells that labeled for CD22 and 
CDi ic in each of the groups studied. Among the major 
lymphoproliferative disorder groups, the HCL cases had 
the largest median percentage of CD22'CD1I Ic* cells 
(55%), followed by the B-NHL (13%) and B-CLL (5%) 
groups. The difference between the median number of 
CD22'CDI ic* cells in the normal group and the B-cell 
neoplastic groups was significant only for the HCL group 
(P « 0.05); in contrast, the NLPD group had a significantly 
lower median than the HCL, B-NHL, and B-CLL groups 


CD22+ CD22+ CD22— 
CDI Ict+ (%) CD11c-— (%) CDIlc+ (%) 
26 26 26 
2 7 li 
0-3 3-15 3-22 
29 29 29 

1 7 5 
1-6 1-21 1-33 
4] 39 40 
5 13 4 
0-87 1-56 1-54 
14 14 14 
13 32 4 
0-44 0-72 0-48 
11 11 11 
55 ! 7 
14-97 0-20 1-16 
2 2 2 
37 26 4 
2-71 0-51 2-6 
] I Í 
4] 5 35 
4] 3 35 


(P « 0.05). In addition, the high median percentage of 
CD22*CD11c* cells observed in the HCL group when 
compared with the B-CLL group was significant (P 
« 0.05). This was not true for the B- NHL group. The two 
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Fic. 1. The distribution of CD22/CD1 1c immunotypes (medians) within 
each study group. 
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B-LPD cases exhibited the extremes of expression for this 
phenotype (2% and 71%), and 41% of the cells of the B- 
PLL case co-expressed these markers. 

Although the median percentage of CD22*CD1 Ic* cells 
was significantly lower in the B-CLL and B-NHL groups 
than in the HCL group, there were many cases in which 
this percentage of dual-labeled cells exceeded 1096. In fact, 
specimens from 32 (46%) of the 69 patients with B-CLDs 
co-expressed CD22 and CD1 1c in >10% of the MCs: B- 
CLL, 22% (9/41); B-NHL, 57% (8/14); and HCL, 100% 
(11/11) (Table 4). The distribution of cases according to 
the percentage of CD22*CDIic* cells in the total cell 
population analyzed and as a percentage of total B cells 
(CD19*) is illustrated in Figure 2. A similar distribution 
of cases was observed for both cell populations. However, 
more cases had higher percentages of CD22*CD1 1c* cells 
when represented as a percentage of total B cells. 

CD22*CDIIc Phenotype. The percentage of CD22* 
CDIIc cells was variable among cases within the different 
diagnostic groups. The median number of CD22'CDl11c^ 
cells was in excess of the CD22'CDI Ic* cells in the B- 
CLL and B-NHL groups. In contrast, specimens from the 
HCL and B-PLL cases had a striking paucity of cells bear- 
ing this phenotype (median 1%, 11 cases <5% and 1 case 
20%) with a preponderance of CD22*CD1 1c* cells. The 
median of the HCL group (1%) was significantly lower (P 
< 0.05) than the medians of the B-NHL (32%) and B- 
CLL (13%) groups. In addition, the median percentage 
of CD22*CD11c™ cells in B-NHL groups was significantly 
greater than that found in the normal (7%) and NLPD 
(7%) groups (P < 0.05). The two B-LPD cases demon- 
strated 0% and 51% CD22*' CDI 1c7 cells, which inversely 
correlated with the percentage of CD22*'CDI Ic* cells 
(71% and 2%). 

CD22 CDlic' Phenotype. In general, the CD22^ 
CD11c* cell populations in the B-CLDs were small and 
similar to those of the normal and NLPD groups. The 
median percentages of all B-CLD groups was: 4% B-CLL; 
4% B-NHL; 7% HCL; 4% B-LPD; and 35% B-PLL (1 
case). Only the normal and B-CLL groups were statistically 
different (P « 0.05). There was variable expression of this 
phenotype among cases within the different groups. The 


TABLE 4. SUMMARY OF CASES WITH >10% CD22'CD11c* 


LYMPHOID CELLS 
Normal subjects 0/26 
Nonlymphoproliferative disorders 0/29 
T-cell lymphoproliferative disorders 0/6 
B-cell lymphoproliferative disorders 32/69 
Chronic lymphocytic leukemia 9/41 
Lymphoproliferative disorder (NOS) 1/2 
Non-Hodgkin’s lymphoma 8/14 
Hairy. cell leukemia 11/11 
Prolymphocytic leukemia 1/1 
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Fic. 2. The distribution of cases within each study group based on (A) 
the percent of the CD22*CD1 Ic* cells in the total cell population analyzed 
and (B) the percent of total B-cells (CD19*). 


number of cases and the range of cells in each group with 
>10% CD227CD11c* cells was: 10 B-CLL (12-54%); 4 
B-NHL(1 1-48%);2 HCL(14% and 16%);and 1 B-PLL(35%). 

Comparison of Total CD22*, CD19*, and HLA-DR* 
(CD37) Populations. CD22 was compared with CD19 and 
HLA-DR as a B-cell marker in the B-CLD groups (Table 
5). There was no significant difference in the median per- 
centage of CD22*, CD19*, and HLA-DR'" cells between 
the CLL, NHL, and HCL groups when each marker was 
independently evaluated. However, differences were noted 
in the expression of these markers within diagnostic 
groups. A statistically significant difference (P « 0.001) 
was observed in the B-CLL group when CD19 (77%) and 
HLA-DR (80%) were compared with CD22 (24%). A bor- 
derline significant difference (P = 0.05) between these 
markers for the B-NHL group (76%, 75%, and 46%) also 
was observed. In contrast, good concordance of these im- 
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TABLE 5. COMPARISON OF THE TOTAL CD22*, CD19", 
AND HLA-DR* CELL POPULATIONS (MEDIANS) IN THE 
B-CELL LYMPHOPROLIFERATIVE DISORDERS 


Total Total HLA-DR+ 
CD22+ CD194 (CD3' ) 

B-CLL* (n = 41) 239b 77% 80% 
B-NHL! (n = 14) 46% 76% 75% 
HCL (n = 11) 60% 66% 71% 
B-LPD (n = 2) 62% 35% 66% 
B-PLL (n = 1) 46% 91% 719% 

* P< 0.001. 

1 P= 0,05. 


munotypes was noted among the HCL cases (66%, 71%, 
and 60%). The total HLA-DR* (CD37) cell population 
correlated more often with CD19 than with CD22. There 
was good correlation between all three B-cell markers in 
one of the B-LPD cases (53% CD22^, 59% CD19*, and 
63% HLA-DR) but discordant values were found in the 
other case (71% CD22*, 11% CD19*, and 68% HLA- 
DR*). CD19 and HLA-DR were expressed to a greater 
extent (91% and 79%) than CD22 (46%) in the one case 
of B-PLL studied. 

Fluorescence Patterns of CD22/CD1 1c Expression. The 
B-CLD groups demonstrated four basic fluorescence his- 
togram patterns of CD22/CD1 Ic antigen co-expression. 
The most common pattern observed in the B-CLL, B- 
NHL, B-LPD, and B-PLL cases was weak CD22 expres- 
sion, with a graded pattern of CDI Ic expression, extend- 
ing upward from the lower left side of quadrant 2 as shown 
in Figure 3A. The fluorescence patterns in Figures 3B and 
C were seen less frequently. All HCL cases exhibited the 
same fluorescence pattern, which was characterized by 
strong CD11c and moderate CD22 expression with a well- 
defined population of co-labeling cells located in the upper 
central portion of quadrant 2 (Fig. 4). A similar pattern 
was observed in only one non-HCL case, a B-LPD 
(Fig. 5). 

There was no definable fluorescence pattern for the 
lymphocytes co-expressing these markers in the normal 
and NLPD groups, or in the T-cell CLD group. The pos- 
itive cells were few in number and randomly dispersed in 
the lower portion of the second quadrant. 


T-Cell Lymphoproliferative Disorders 


The six T-cell processes (T-CLL, Ty-LPD [2], T-PLL, 
T-LPD [NOS]) and Sézary syndrome had small numbers 
of CD22*CD1 Ic* cells (range 0-395). The populations 
expressing the CD22'CDI11c^ and CD227CD1Ic* phe- 
notypes also were small (0—196) for the T-CLL, T-PLL, 
T-LPD, and Sézary syndrome cases, but the two Ty-LPD 
had more variability for these two phenotypes 4% and 
16%, and 1% and 7%, respectively. 





DISCUSSION 


We previously reported the results of a preliminary 
study in which CD1 1c and CD22 were co-expressed in 
chronic lymphoid leukemias other than HCL.'! The cur- 
rent study has evaluated further the expression of CD22 
and CDI 1c in patients with a variety of CLDs and NLPDs 
and in normal subjects in an effort to better define the 
diagnostic utility and specificity of the two MoAbs. The 
MoAbs were produced by hybridomas developed by im- 
munizing CD-1 mice with HCL cells in an attempt to 
find a specific marker for that disease. It was found that 
anti-CD22 exhibited pan-B-cell reactivity, anti-CDl ic 
demonstrated monocyte/macrophage and granulocyte 
specificity, and both showed reactivity with HCL cells. 
Initial studies reported by Schwarting and colleagues? in- 
dicated that when these antibodies were co-expressed, they 
were specific for HCL. This finding was supported in part 
by Kristensen and co-workers,'? who evaluated uncon- 
jugated anti-CD1 1c and anti-CD20 using two-color flow 
cytometry for the detection of hairy cells. In contrast, In- 
ghirami and colleagues? found CD11c to be expressed in 
several different B-cell neoplasms and mycosis fungoides, 
although no co-labeling B-cell marker was studied. 

Our findings indicate that CD22 and CD1l1c are co- 
expressed in only a small percentage of lymphocytes in 
normal subjects (also found by Schwarting),® in patients 
with NLPD, and in patients with T-cell lymphoprolifer- 
ative diseases, but are commonly co-expressed in >10% 
ofthe lymphocytes in a variety of B-CLDs. The frequency 
and extent of co-expression among cases were variable 
and similar to the reported expression of CD1 Ic in lym- 
phoid neoplasms by Inghirami and colleagues." with the 
exception that mycosis fungoides did not express this an- 
tigen in our study. One hundred percent (11/11) of the 
HCL cases we studied exhibited these markers, and this 
group had the largest median number of CD22' CD11c* 
co-labeling cells, which was statistically significant when 
compared with the other groups, except the B-NIHL group. 
Unfortunately, because of the considerable overlap of the 
percentage of CD22'CD1 Ic* cells among cases between 
the different B-CLD groups (Fig. 2), this parameter (% 
CD22*CD1 ic?) is nonspecific and cannot be used to dis- 
tinguish HCL from other B-CLDs. However, the HCL 
cases demonstrated a distinctive flow cytometric pattern 
of fluorescence in which the CD22*CDl ic? cells were 
located in the mid- to upper-central portion ofthe second 
quadrant of the histogram in a well-defined group (Fig. 
4). This was indicative of uniformly higher CD22 and 
CD1ic antigen density, a characteristic feature of HCL 
compared with other B-CLDs, and should be diagnosti- 
cally useful. The stronger expression of these antigens in 
HCL also has been noted by others.*? In contrast, when 
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CD22 


CD22 and CD11c were co-expressed by the neoplastic 
cells in B-CLL, B-NHL, B-LPD, and B-PLL CDlic 
expression generally was weaker, with a wide range of 
fluorescence intensity (Fig. 3). Another finding that may 
be useful in distinguishing HCL from other B-CLDs is 
that there is a paucity of CD22*CD1 1c cells in HCL but 
a significant number of neoplastic cells with this pheno- 
type in the other B-CLDs. 

The only exception to the fluorescent patterns observed 
in the non-HCL diseases was one of the B-LPD cases that 
had 71% CD22* CDI 1c* cells with a fluorescence pattern 
similar to that seen in the HCL cases. This patient was a 
60-year-old woman who presented with fatigue and 
splenomegaly and a WBC count of 58 x 10?/L with 80% 
immature lymphoid cells but no lymphadenopathy. The 
bone marrow had a diffuse infiltrative pattern of involve- 








FIG. 3. Patterns of CD22/CDI 1c coexpression found in the 
B-cell leukemic groups except HCL. A. Chronic lymphocytic 
leukemia exhibiting weak CD22 fluorescence and a pro- 
nounced graded pattern of CDI le expression, extending from 
the lower left side of quadrant 2 upward (CD22*CDI Ic* 54%). 
This was the most common pattern of coexpression observed. 
B. Lymphoproliferative disease (B-LPD) demonstrating weak 
to moderate CD22 and CDI ic expression with a widely dis- 
tributed co-labeling CD22*CDI11C* population (69%) in 
quadrant 2. C. Chronic lymphocytic leukemia exhibiting an 
uncommon pattern of predominantly CDI 1c expression (54%) 
in quadrant | with only 9% CD22*CDI Ic* cells (quadrant 
2). 


ment. Morphologically the cells were intermediate be- 
tween those of PLL and HCL, having round to oval nuclei 
and coarsely granular to clumped chromatin, small nu- 
cleoli, and moderate amounts of light blue cytoplasm. 
Cytochemically the cells demonstrated tartrate-sensitive, 
acid-phosphatase activity. The fluorescence pattern was 
similar to that of HCL (Fig. 5) but had less intense fluo- 
rescence for both markers, and the overall pattern of the 
contour plot was not as well defined. A diagnosis of B- 
LPD was rendered because of the unusual clinical history, 
atypical cell morphology, and the absence of tartrate-re- 
sistant acid-phosphatase activity and ultrastructural fea- 
tures that would support the diagnosis of HCL. No other 
tissue was obtained for diagnostic evaluation, and the pa- 
tient's clinical condition remains stable after two years. 
The other B-LPD case was that of a 76-year-old man 


MILLER, FISHLEDER, AND TUBBS 107 
Two-Color Flow Cytometric Analysis 





CD22 


FG. 4 (upper). Hairy cell leukemia exhibiting strong CD1 1c and moderate 
CD22 expression with a well-defined population of CD22*CD 1 1c* cells 
(96%) in the upper-central portion of quadrant 2. 


Fic. 5 (lower). Lymphoproliferative disease (B-LPD) exhibiting a fluo- 
rescence pattern similar to HCL but having less intense fluorescence for 
both antigens and a less well-defined and discrete CD22*CD1 Ic’ cell 
population (70%) in quadrant 2. 


who presented with fatigue, splenomegaly, and a WBC 
count of 17 X 10°/L with 57% immature lymphoid cells. 
There was no bone marrow involvement, lymphadenop- 
athy, or hepatomegaly at presentation. The lymphoid cells 
were morphologically similar to those of the other B-LPD 
case. Within two years, the patient’s WBC count increased 
to 49 X 10?/L with 91% immature lymphoid cells, and 
he developed hepatomegaly but no lymphadenopathy. A 
follow-up bone marrow and acid-phosphatase stain was 


not done. CD22*CD1 Ic* cells comprised 2% of the lym- 
phoid cells, but CD22 CDI 1c* cells comprised 51% of 
the lymphoid cells. These cases resemble those reported 
recently by Hanson and colleagues!? and may represent 
a CLD resulting from an arrest of lymphoid maturation 
in a stage of development between a small lymphocyte 
and the normal hairy cell counterpart in the spleen. 

Lymphocytes expressing the CD22 CDI 1c” phenotype 
were present in variable numbers in all groups. with the 
specimens of the normal subjects having a median of 11%, 
and those of the B-CLD group exhibiting 17 cases with 
>10% (median 16%, range 11-54%). The unusually large 
number of lymphoid cells expressing this phenotype may 
be caused by the increased numbers of natural luller cells 
in some cases. Another possible explanation, especially 
in the few cases with large numbers of CD22 CDIl1c* 
cells, would be aberrant antigen expression by the neo- 
plastic cells. 

CD22 was found to have more variable expression than 
CD19 and HLA-DR in the B-cell disorder groups. While 
CD19 and HLA-DR often were present in a similar per- 
centage of cells, CD22 was consistently expressed in a 
smaller percentage of cells in all of the B-CLD groups 
except HCL, for which the three markers were quantita- 
tively similar. However, significant differences were found 
between the lower median percentage of total CD22' cells 
and the CD19* and HLA-DR' cells in the CLL, NHL, 
and PLL cases. The lack of CD22 expression by some 
leukemic cells in these B-CLDs would warrant caution in 
the use of CD22 as the only pan-B-cell marker in a panel 
used to phenotype B-CLDs. 

The diagnostic utility of using anti-CD1 1c in combi- 
nation with other pan-B-cell antibodies, such as anti- 
CD19 and -CD20, was not examined. However, Kristen- 
sen and colleagues’? studied the co-expression of CDI Ic 
and CD20 using a dual label and found them to be specific 
for HCL. We have observed two cases in which the results 
for the CD19 and CD20 antigen expression suggested that 
using either of these two markers in a dual lebel could 
lead to misinterpretation of the data. The first case was 
one of HCL, for which there was essentially no CD20 
expression but CD19 was in agreement with the CD22/ 
CD! ic results (72% and 76%, respectively). Tne second 
case was one of CLL that was CD22" but had comparable 
CDiic and CD19 expression. These anecdotal observa- 
tions suggest caution is needed when using anti-CDI lc 
and pan-B-cell markers other than CD22 as an adjunctive 
test in diagnosing HCL. 

HCL is a neoplasm of B lymphocytes as determined 
by the presence of monoclonal surface immuroglobulin 
and immunoglobulin gene rearrangement studies'* and 
the expression of B-cell associated antigens (HLA-DR, 
CD19, CD20, CD10, and PCA-1).'4-'? HCL cells also ex- 
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press the pan-leukocyte antigen CD45, the receptor for 
interleukin 2 (CD25)!^? and, occasionally, myelomon- 
ocyte antigens, such as CDI 1b, CD13, CD14, and CD33.” 
Despite this spectrum of reactivity with MoAbs, none have 
been found to be specific for HCL. Therefore, these mark- 
ers have been only indirectly helpful in distinguishing this 
disease from other CLDs when traditional diagnostic pa- 
rameters, such as morphology, ultrastructural findings, 
and cytochemical studies, have been equivocal. This study 
has demonstrated that, although the co-expression of 
CD22 and CD11c by neoplastic B cells is not diagnostic 
of HCL, the unique dual label pattern of intense CD22 
and CD1 Ic fluorescence in the majority of B cells in as- 
sociation with few CD22'CD11c' cells should be useful 
in distinguishing HCL from other B-CLDs in most in- 
stances. 
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Comparison of an Isoelectric Focusing 
Technique and High-Performance Liquid 
Chromatography for Determination 
of Fetal Hemoglobin Levels 


ENID F. GILBERT-BARNESS, M.D.,'^ KATHERINE S. KENISON, B.A., 
EARL SHRAGO, M.D., TERRY L. SPENNETTA/ AND GARY G. GIULIAN, B.A.^ 


The authors previously have reported measurements of fetal he- 
moglobin in infants in blood samples taken at autopsy using an 
isoelectric focusing (IEF) procedure. The current study was un- 
dertaken to compare this methodology with a high-performance 
liquid chromatography (HPLC) procedure. The correlation coef- 
ficient between the IEF and HPLC procedures was 0.938. The 


We previously have reported! percent fetal hemoglobin 
determinations (%HbF) from infants using an isoelectric 
focusing (IEF) procedure in blood samples taken at au- 
topsy. The IEF procedure has serious disadvantages. The 
%HbF measurements may be influenced by the amount 
of staining of the gel and by leakage of samples from ad- 
jacent lanes on the gel. This study was undertaken to 
compare the IEF method with that of the high-perfor- 
mance liquid chromatography (HPLC). 


MATERIALS AND METHODS 


Using the HPLC and IEF methods, we measured %HbF 
in blood samples taken at autopsy from 46 infants (new- 
born to 2 years). The blood samples were part of a study 
measuring %HbF in victims of sudden infant death syn- 
drome compared with controls, and many samples were 
not obtained until several hours after death. The samples 
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HPLC method is technically easier and has fewer disadvantages 
than the IEF procedure and is recommended for the determi- 
nation of fetal hemoglobin levels. (Key words: Fetal hemoglobin; 
High-performance liquid chromatography; Isoelectric focusing) 
Am J Clin Pathol 1991;96:109—110 


were stored in sterile vacuum tubes containing EDTA at 
4 °C for up to two years before being analyzed. 

The IEF analyses used a high-voltage, vertical-slab 1so- 
electric focusing procedure to measure hemoglobin sub- 
units using whole blood mixed with a sample buffer and 
loaded onto a polyacrylamide gel. Details of this method 
have been described previously.'? The gels were scanned 
with a densitometer, and the percent fetal hemoglobin 
was determined by calculating the ratio of the sum of the 
gamma peaks to the sum of the gamma and beta peaks. 

HPLC measurements were made using the reversed- 
phase HPLC procedure described by Shelton.? All blood 
sample measurements were made on red cell lysates, and 
some samples had %HbF measurements taken on blood 
dried on filter paper. The samples were analyzed by HPLC 
using a Vydac C-4 column (Vydac, Hesperia. CA) and 
acetonitrile-water-trifluoroacetic acid developers. This 
procedure takes about 60 minutes to complete the sepa- 
ration of the globin chains, after which the chromatogram 
and the area under each peak are printed. The percent of 
fetal hemoglobin was calculated as the sum of the gamma 
chains, G gamma, A gamma, and A gamma T (i.e., the 
sum of all the peaks after the alpha peak), divided by the 
sum of the gamma chains plus the beta and prebeta 
chains.^ 

The data were plotted, and regression equations cal- 
culated by Grapher, version 1.75 (Golden Software, Inc.). 
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FIG. 1 (upper). Scatterplot and line of best fit of fetal hemoglobin levels 
in 42 blood samples as determined by high-performance liquid chro- 
matography and isoelectric focusing. 


Fic. 2 (lower). Scatterplot and line of best fit of fetal hemoglobin levels 
determined by high-performance liquid chromatography in nine blood 
samples comparing dried samples to hemolysates. 


RESULTS 


Our results show the HPLC method to give reliable 
measurements of %HbF. Each sample was replicated at 
least once. The correlation between replications was 0.98, 
with an intercept of 0.01, a slope of 0.97, and a standard 
error of the Y estimate of 0.05. The correlation coefficient 
between HPLC and IEF %HbF determinations on 42 


samples was 0.938. Figure 1 shows a scatterplot and line 
of best fit of %HbF determined by the HPLC method 
plotted against WHbF determined by the IEF procedure. 
The regression equation was IEF %F = 0.045 + 0.948 
X (HPLC %F). The standard error of the Y estimate was 
0.09. Four samples were excluded from the analysis be- 
cause their HPLC results contained unidentifiable peaks 
with poor morphology, and their % HbF as determined 
by the HPLC method was more than 30% greater than 
that by the IEF. For these samples the HPLC analysis was 
conducted several months after the IEF, and we assume 
that the HPLC results are caused by breakdown or con- 
tamination of the blood sample. 

There were nine samples from which both hemolysates 
were made and a few drops of blood were dried on filter 
paper. The correlation coefficient of HPLC determinations 
using hemolysates with dried blood samples was 0.99, and 
the regression equation was filter paper WHbF = —0.01483 
+ 1.029 X (hemolysate %HbF). The standard error of the 
Y estimate was 0.05. Figure 2 shows a scatterplot and best 
fitting line of % HbF obtained from dried samples plotted 
against %HbF obtained from hemolysates. 


DISCUSSION 


The HPLC method? is accurate for the determination 
of fetal hemoglobin levels throughout the range of 0- 
100%. This procedure can be used on blood samples ob- 
tained at autopsy and stored dried or refrigerated in va- 
cutainers with EDTA. The HPLC method also avoids 
some of the disadvantages of the IEF method. In the IEF 
procedure there can be leakage between lanes on the gel, 
and the percentage of HbF at the high and low ends of 
the range can be affected by the amount of staining and 
destaining of the gel. 
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ce Inclusions in Circulating 
homa Celis 
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Circulating malignant lymphocytes from a 55-year-old woman 
with small cleaved follicular center cell lymphoma contained 
azurophilic splinter-shaped cytoplasmic inclusions. By light mi- 
croscopic and ultrastructural criteria, these structures closely 
resembled Auer rods found in acute myeloid leukemia; however, 
the authors could not find cytochemical evidence of lysosomal 
origin (results were negative for myeloperoxidase, Sudan black 
B, acid phosphatase, and periodic acid-Schiff). Immunostaining 
and flow cytometric analysis confirmed a monoclonal igM -kappa 


Intracytoplasmic inclusions have been described in cir- 
culating malignant lymphocytes of various lymphopro- 
liferative disorders. A variety of azurophilic and basophilic 
round to oval cytoplasmic granules that ultrastructurally 
resemble microtubules,! lysosomes,^^ ribosomal-lamellar 
complexes,^? viral particles, and mitochondria?" have 
been reported in acute lymphoblastic leukemia. Large cy- 
toplasmic proteinaceous crystalline structures have been 
described in chronic lymphocytic leukemia,®>"!° plasma 
cell tumors, '!'-'^ and B-cell lymphoma.!° The cytoplasmic 
crystals are quite distinct from the splinter-shaped azur- 
ophilic Auer rods found in acute myeloid leukemias.!6-? 
Needle-like crystals, which morphologically and ultra- 
structurally resemble Auer rods, have been found in the 
cytoplasm of neoplastic lymphocytes in single cases of 
chronic lymphocytic leukemia"? and prolymphocytic leu- 
kemia,^' and two cases of multiple myeloma.??? We de- 
scribe a case of small cleaved follicular center cell lym- 
phoma in leukemic phase with splinter-shaped Auer rod- 
like cytoplasmic inclusions. 
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immunophenotype of the circulating malignant lymphoid cells. 
The inclusions did not show specific immunoglobulin staining 
by light microscopic or electron microscopic immunostaining 
techniques. The authors conclude that these membrane-bound 
inclusions probably represent aberrant lysosomes in the malig- 
nant cells. (Key words: Auer rods; Lymphoma; Cytoplasmic in- 
clusions; Lysosomes; Immunoglobulin; Lymphocytes) Am J Clin 
Pathol 1991;96:111-115 


REPORT OF A CASE 


A 55-year-old Guatemalan woman, with cough, fever, and malaise, 
was seen in February 1987. A chest roentgenogram showed a right upper 
lobe infiltrate, and on examination she had diffuse lymphadenopathy in 
the cervical, inguinal, and axillary regions. A lymph nod? biopsy was 
performed. The specimen was interpreted as showing malignant lym- 
phoma, follicular, small cleaved cell type (Working Formulation). Ad- 
ditional workup demonstrated a normal complete blood count, serum 
chemistries, and protein electrophoresis. 

The patient was treated with chlorambucil, vincristine, and prednisone. 
She did well until January 1989, when she had generalized lymphade- 
nopathy and circulating lymphoma cells. Fine-needle aspiration cytologic 
examination of inguinal lymph nodes and bone marrow biopsy dem- 
onstrated involvement by small cleaved cell lymphoma. Chemotherapy 
was started and consisted of bleomycin, vincristine, Cytoxan™(Bristol- 
Meyers/Mead Johnson Oncology, Evansville, IN), Decadron® (Merck 
Sharp and Dohme, West Point, PA), and Adriamycin” (Adria Labora- 
tories, Dublin, OH). 

In June 1989, the patient returned to the clinic with enlarging lymph 
nodes. Her white blood celi count was 8.7 X 10? cells/L, of which 0.39 
were lymphocytes. Many of these cells were identified morphologically 
as circulating small cleaved lymphoma cells. Intracytoplasmic inclusions 
resembling Auer rods were reported in a number of these cells. 

The patient received a chemotherapeutic regimen of Decadron, cy- 
tosine arabinoside, and cisplatin. The number of circulating lymphoma 
cells decreased, and subsequently fewer inclusion bodies were found. She 
remains in clinical remission. 


MATERIALS AND METHODS 


Light Microscopic Preparations 


Peripheral blood direct and buffy coat smears were 
stained with Wright-Giemsa and for the presence of my- 
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eloperoxidase (MPO), periodic acid-Schiff (PAS), Sudan 
black B (SBB), and acid phosphatase (ACP).2-? 


Electron Microscopic Preparations 


Peripheral blood cells isolated from the buffy coat of 
venous blood anticoagulated with tripotassium ethylene- 
diaminetetraacetic acid (EDTA) were fixed immediately 
in cold 3% glutaraldehyde in 0.1 mol/L cacodylate buffer 
(pH 7.4), postfixed in osmium tetroxide, embedded in 
Epon® (DuPont, Wilmington, DE), sectioned and stained 
with uranyl acetate and lead citrate, and examined with 
a Philips EM 301? electron microscope (Philips, Ein- 
dhoven, The Netherlands).”° 


Flow Cytometry 


Peripheral blood was collected in EDTA. Lymphocyte 
subset analysis was performed as previously described,” 
except that a Coulter Profile? Flow Cytometer (Coulter 
Electronics, Hialeah, FL) was used. The following anti- 
bodies were used: anti-CD1 (T6), anti-CD2 (T11), anti- 
CD3 (T3), anti-CD4 (T4), anti-CD5 (T1), anti-CD5 (T1), 
anti-CD8 (T8), anti-CD10 (common acute lymphoblastic 
leukemia antigen), anti-CD19 (B4), anti-CD20 (B1), an- 
tikappa, and antilambda. 


Immunocytology 


Peripheral blood buffy coat preparations were stained 
by an avidin-biotin-peroxidase technique? for CD3 (Leu- 
4), CD22 (Leu-14), IgG, IgM, IgA, kappa, and lambda 
(prediluted antibodies from DAKO Corporation, Carpin- 
teria, CA). 


Immunoelectron Microscopy 


The technique of Gourdin and associates? was used, 
with minor modifications, to detect immunoglobulin light 
chain staining. Peripheral blood cells isolated from the 
buffy coat of EDTA-anticoagulated venous blood were 
fixed in 396 glutaraldehyde in 0.1 mol/L cacodylate buffer 
(pH 7.4) for 30 minutes, washed twice with 0.05 mol/L 
TRIS buffer (pH 7.6), incubated in 0.5% Triton-X (EM 
Science, Gibbstown, NJ) for 15 minutes, and washed again 
with TRIS buffer. After incubation with the appropriate 
primary antibody for one hour at room temperature, the 
cells were washed with TRIS buffer, incubated with bio- 
tinylated secondary antibody for 30 minutes at room 
temperature, and washed three times with TRIS buffer. 
Avidin: biotinylated horseradish peroxidase complex 
(ABC) was added, incubated for 30 minutes, and washed. 
The specimen was postfixed and embedded in Epon, as 
described above. 


RESULTS 


Light Microscopy 


The lymphoma cells were characterized by ovoid to 
irregularly shaped nuclei, coarse clumped chromatin, and 
scant to moderate amounts of basophilic cytoplasm. Many 
cells showed scattered, small, irregular azurophilic gran- 
ules in the cytoplasm. Occasional cells were larger, with 
fine chromatin and one to two small nuclei. 

Azurophilic, splinter-shaped, variably sized crystals 
were found in the cytoplasm of the malignant lymphocytes 
of the peripheral blood (Fig. 1). Approximately 7% of the 
cells had these inclusions during relapse. When peripheral 
blood was examined during periods of clinical remission, 
only rare (<1%) lymphocytes contained crystals. Review 
of bone marrow aspirate smears and lymph node imprints 
involved with lymphoma demonstrated no evidence of 
cytoplasmic inclusions. 

Most cells showed single crystals, but an occasional cell 
contained multiple crystals (Fig. 1). Many crystals over- 
lapped the nucleus. Some had a more rounded shape or 
appeared beaded; however, most had a splinter shape 
comparable to that seen in the Auer rods of acute myeloid 
leukemia. There were crystals lying free next to disrupted 
cells on the feathered edge of the smear (Fig. 1). Other 
circulating lymphoma cells were cytologically similar to 
those containing crystals. 

In cytochemical studies, the inclusions did not stain 
with SBB or MPO, as would be expected with Auer rods. 
The small, irregular cytoplasmic granules stained with 
ACP and PAS, but the needle-shaped inclusions did not. 

B5- and formalin-fixed, hematoxylin and eosin~stained 
sections and Wright-Giemsa-stained touch preparations 
of the diagnostic lymph node biopsy specimen were re- 
viewed. There were no cytoplasmic inclusions. 


Electron Microscopy 


The cells had round to irregular nuclei with marginated 
heterochromatin and occasional small nucleoli. The cy- 
toplasm contained numerous free ribosomes, rare seg- 
ments of rough-surfaced endoplasmic reticulum, and 
small numbers of well-formed mitochondria. Some of the 
cells demonstrated membrane-bound elongate, cyto- 
plasmic crystaline inclusions (Figs. 2 and 3). In particular, 
there was a linear substructure with a periodicity of 8 nm 
to some crystals (Fig. 3). In some areas, a fingerprint-like 
configuration was seen (Fig. 3, inset). Some inclusions 
appeared to be membrane bound, but others did not. Of- 
ten, several crystals would appear within a single dilated 
cistern associated with electron-dense noncrystalline ma- 
terial. 
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FIG. 1 (upper lefi). Wright-Giemsa-stained blood smear howing 
a lymphocyte containing needle-shaped cytoplasmic inclusions 
(A and B) and a disrupted cell with free-lying needle-like crystals 
(C). Original magnification (X 1,000). 


FiG. 2 (upper right). Electron micrograph of a Iymphocvte dem- 
onstrating a paranuclear crystalline inclusion (arrow). )r'iginal 
magnification (X 11,600). 


FIG. 3 (lower). High-power electron micrograph of membrane- 
bound cytoplasmic inclusions showing linear substructure 


(x70,200). Inset, A "fingerprint" pattern with periodicity of 5 
nm (X140,400). 
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Flow Cytometry i 

Flow cytometric analysis of peripheral blood lympho- 
cytes showed a predominant B-cell population. Fifty-eight 
percent of the circulating lymphocytes were CD20 positive 
and expressed surface-bound kappa light chain (kappa- 
lambda ratio of 20:1). Thirty-seven percent of the circu- 
lating lymphocytes were T cells staining for CD2. The 
circulating lymphocytes did not stain significantly with 
CD5 (11%) or CDIO (4%). Flow cytometric analysis of 


bone marrow lymphocytes produced similar findings. 





Immunocytology 


Immunostaining demonstrated kappa, IgM, and CD22 
positivity of the lymphoma cells, but there was no staining 
with antilambda, IgG, IgA, or CD3. The cytoplasmic i in- 
clusions did not stain with any of these reagents. 


Immunoelectron Microscopy 


Cytoplasmic kappa light chain staining was seen in most 
lymphoma ‘cells; however, the results for lambda light 
chain were negative. The cytoplasmic crystalline structures 
showed no |specific staining for kappa or lambda light 


chain. | 


DISCUSSION | 


Intracytoplasmic crystalline inclusions have been de- 
scribed and characterized 1 in various lymphoproliferative 
disorders (Table 1). The intracytoplasmic needle-like 
crystals seen|in the circulating lymphoma cells of our case 
did not stain with MPO, SBB, PAS, or ACP. Ultrastruc- 
turally, these crystalline structures were fibrillar, showed 
periodicity, and often were found within dilated cisterns. 

[2 
This is much like the description of the electron micro- 
scopic appearance of Auer rods seen in acute myeloid 
leukemia.’ E | 

The needle-like inclusions in our case differ from the 
large proteinaceous refractile crystals described in some 
cases of chronic lymphocytic leukemia, plasma cell tu- 
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mors, and one case of a B-cell lymphoma.®™" In addition 
to the obvious difference in light microscopic appearance 
and staining qualities, these cases ultrastructurally dem- 
onstrated: rectangular or rhomboid electron-dense cyto- 
plasmic inclusions that usually had squared or rounded 
edges, not splinter-like structures. Also, internal period- 
icity of these structures was noted only rarely. Several 
studies have shown specific immunoglobulin or light chain 
staining of these crystalline inclusions by light microscopic 
immunofluorescent or immunoelectron microscopic 
techniques. 9.14.15 

Intracytoplasmic structures that have a somewhat dif- 
ferent light microscopic appearance but ultrastructurally 
resemble the crystalline inclusions seen in our case have 
been seen in the cytoplasm of blasts of acute lymphoblastic 
leukemia. By light microscopic examination, these 
structures are multiple, round, and coarse and vary widely 
in staining characteristics with Romanofsky staining. They 
do not stain with PAS, MPO, SBB, or specific or nonspe- 
cific esterases; but, in at least two cases,** the inclusions 
stained for ACP activity. The authors reasoned that these 
structures probably represented abnormal lysosomes. 

By light and electron microscopic examination, the 
crystalline inclusions in the current case appear to be re- 
markably similar to the Auer rods seen in acute myeloid 
leukemia. However, there are important histochemical 
and immunologic differences. Auer rods, which are fused 
lysosomal granules, '9!? stain with MPO, SBB, ACP, and 
PAS, unlike the structures seen in our case. Of course, 
specific staining for immunoglobulin heavy or light chains 
is not seen in neoplastic myeloid cells or Auer rods. 

Our case demonstrated light microscopic, ultrastruc- 
tural, and immunologic findings almost identical to those 
described previously in four case reports of lymphopro- 
liferative disorders. In 1974, Lagios and associates”? de- 
scribed needle-like cytoplasmic inclusions in circulating 
neoplastic cells from an elderly man with chronic lym- 
phocytic leukemia. There was no specific staining of in- 
clusions for SBB, PAS, or MPO. The inclusions appeared 
ultrastructurally identical to those in our case. Similarly, 
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Crystals in Lymphoma Cells 


crystals were not demonstrated in the circulating neo- 
plastic cells after chemotherapy was started. 

Auer rod-like inclusions also have been reported in a 
case of prolymphocytic leukemia.^' No staining of inclu- 
sions was demonstrated with PAS, SBB, MPO, nonspecific 
esterase, chloroacetate esterase, ACP, or beta-glucuroni- 
dase. 

Two cases of Auer rod-like inclusions in multiple my- 
eloma were described previously. In 1950, Steinman re- 
ported a case and demonstrated the absence of peroxidase 
activity? In 1983, Raman and colleagues" described 
needle-shaped crystalline inclusions within malignant 
plasma cells of the bone marrow. There was no staining 
with PAS. SBB, MPO, or nonspecific esterase, but there 
was strong ACP and beta-glucuronidase positivity. Im- 
munostaining showed strong IgA and kappa positivity in 
the cytoplasm of the tumor cells but no staining of the 
crystals. 

To our knowledge, Auer rod-like intracytoplasmic in- 
clusions have not been described previously as occurring 
in circulating neoplastic lymphoid cells of small cleaved 
follicular center cell lymphoma. Using immunoperoxidase 
light microscopic and immunoelectron microscopic tech- 
niques, we could not show that the inclusions were of an 
immunoglobulin nature. Ultrastructurally, these inclu- 
sions do not resemble the immunoglobulin crystals seen 
within the cells of some lymphoproliferative disorders. 

Similar membrane-bound, needle-like crystalline 
structures have been described as occurring in other lym- 
phoproliferative disorders.""7^^" These inclusions bear 
striking ultrastructural similarities to the Auer rods de- 
scribed in acute myeloid leukemia. Indeed, although no 
MPO or SBB activity has been demonstrated in any of 
these cases, a few studies have described some ACP and 
beta-glucuronidase activity, indicating that these struc- 
tures probably are lysosomes. Although we could not 
demonstrate ACP or other lysosomal enzyme activity in 
the cytoplasmic inclusions in our case, their ultrastructural 
appearance strongly suggests a lysosomal origin. 


REFERENCES 


|. Rosen NR. DiFina S. Nelson DA. Acute leukemia with unusual 

cytoplasmic inclusions. Cancer 1979:43:2405-2409. 

2. Brunning RD, Parkin J, Dick F, Nesbit M. Unusual inclusions oc- 
curring in the blasts of four patients with acute leukemia and 
Down's syndrome. Blood 1974:44:735-741. 

. Grogan TM, Insalaco MD, Savage RA, Vail ML. Acute lymphocytic 
leukemia with prominent azurophilic granulation and punctate 
acidic nonspecific esterase and phosphatase activity. Am J Clin 
Pathol 1981:75:716-722. 

4. Komiyama A, Ogawa M, Eurenius K, Spicer SS. Unusual cyto- 

plasmic inclusions in blast cells in acute leukemia. Arch Pathol 
Lab Med 1976:100:590-594. 
5. Anday GJ, Goodman JR, Tishoff GH. An unusual cytoplasmic ri- 


tad 


bosomal structure in pathologic lymphocytes. Blood !973;4 1:439- 
449. 


. Djaldetti M, Perek J, Zahavi I. Two types of intracytoplasmic in- 


clusions in the cells of a patient with acute lymphoblastic leukemia. 
Blut 1983:47:13-19. 


. Yanagihara ET, Naeim F, Gale RP, Austin G, Waisman J. Acute 


lymphoblastic leukemia with giant intracytoplasmic inclusions. 
Am J Clin Pathol 1980;74:345-349. 


. Cawley JC, Barker CR, Britchford RD, Smith JL. Intraeellular IgA 


immunoglobulin crystals in chronic lymphocytic leukemia. Clin 
Exp Immunol 1973;13:407-416. 


. Clark C, Rydell RE, Kaplan ME. Frequent association of IgM with 


crystalline inclusions in chronic lymphatic leukemic lymphocytes. 
N Engl J Med 1973;289:113-117. 


. Hurez D. Flandrin G, Preud'homme JL, Seligman M. Unreleased 


intracellular monoclonal macroglobulin in chronic lymphocytic 
leukaemia. Clin Exp Immunol 1972;10:223-234. 


< Chan KW. Ho FCS, Chan MK. Adult Fanconi syndrome in kappa 


light chain myeloma. Arch Pathol Lab Med 1987:111:139-142. 


. Finkel PN. Kronenberg K, Pesce AJ, Pollak VE. Piran) CL. Adult 


Fanconi syndrome, amyloidosis, and marked lambda-light chain 
proteinuria. Nephron 1973;10:1-24. 


. Goldberg AF. An unusual lymphomatous disease associated with 


intracytoplasmic crystals in lymphoplasmacytoid cells. Blood 
1960;16:1693-1707. 


. Truong LD, Mawad J, Cagle P, Mattioli C. Cytoplasmic crystals in 


multiple myeloma-associated Fanconi's syndrome Arch Pathol 
Lab Med 1989;113:781-785. 


. Mennemeyer R, Hammar SP, Cathey WJ. Malignant lymphoma 


with intracytoplasmic IgM crystalline inclusions. N Engl J Med 
1974:291:960-962. 


J. Ackerman A. Microscopic and histochemical studies on the Aue! 


bodies in leukemic cells. Blood 1950;5:847-863. 


J. Auer J. Some hitherto undescribed structures in the large 'vymphocytes 


in a case of acute leukemia. Am J Med Sci 1906;! 3) :1002. 


. Freeman J. Origin of Auer bodies. Blood 1966:27:499-510. 
. Tan HK, Wages B, Grainick HR. Ultrastructural studies in acute 


promyelocytic leukemia. Blood 1972;39:628-636 


. Lagios MD, Friedlander LM, Wallerstein RO, Bohannen RA. Atyp 


ical azurophilic crystals in chronic lymphocytic leukemia. Am J 
Clin Pathol 1974:62:342-349. 


. Kjeldsberg CR, Bearman RM, Rappaport H. Prolymphocytic leu- 


kemia—an ultrastructural study. Am J Clin Patho! 1980;73:150- 
159. 


. Steinman B. Uber azurophile, stabchenformige einschiusse in den 


zellen eines multiplen myeloms. Dtsch Arch Klin Med 1939:185 
44-61. 


. Kaplow LS. Simplified myeloperoxidase stain using benzidine di- 


hydrochloride. Blood 1965;26:215-219. 


. Li CY, Yam YT, Lam KW. Acid phosphatase isoenzyme in human 


leukocytes in normal and pathologic conditions. J Histochem 
Cytochem 1970;18:473-481. 


25. Sheehan HL, Storey GW. An improved method of staining leukocyte 


granules with Sudan black B. J Pathol Bacteriol $947:59:336 
335 


. Gourdin MF. Farcet JP. Reyes F. The ultrastructura! localization 


of immunoglobulins in human B cells of immuneproliferative 
diseases. Blood 1982:59:1 132-1140. 


27. Bishop DC, Boone D, Parker JW. Immunophenotypes by flow cy- 


tometry: a longitudinal study in healthy individuats. Diag Clin 
Immunol 1988;5:232-240. 


. Guesden JL, Ternynck T, Avrameas A. The use of avidin-biotin 


interaction in immunoenzymatic techniques. J Histochem Cy- 
tochem 1979:27:1131-1139. 


29. Raman SK, Van Slyck EJ. Nature of intracytoplasmic crystalline 


Vol. 96 * No. | 


inclusions in myeloma cells (morphologic, cytochemical, ultra- 
structural. and immunofluorescent studies). Am .- Clin Pathol 
1983:80:224-228. 


HEMATOPATHOLOGY 
Single Case Report 


Clonal Immunoglobulin Gene 
Rearrangement in the Infarcted 
Lymph Node Syndrome 


MICHAEL J. LASZEWSKI, M.D., PAUL J. BELDING, M.D., 
RICHARD M. FEDDERSEN, M.D., CHARLES T. LUTZ, M.D., PHD. 
JAMES A. GOEKEN, M.D., JOHN D. KEMP, M.D., AND FRED R. DICK, M.D. 


The authors report a case of complete lymph node infarction in 
which a specific etiology could not be determined by morphologic 
or immunophenotypic studies; however, clonal rearrangement of 
the immunoglobulin gene was demonstrated by Southern blot 
hybridization of DNA extracted from the necrotic tissue. A sub- 
sequent lymph node biopsy later was diagnosed as malignant 
lymphoma, using morphologic, immunophenotypic and genotypic 
criteria. Identical clonally rearranged bands were present in DNA 


from both the infarcted nodal and the subsequent tissue biopsies. 
In the setting of lymph node necrosis, gene rearrangement studies 
may provide diagnostic information concerning clonality, even if 
morphologic and immunophenotypic studies are indeterminate 
for a lymphoproliferative process. (Key words: Lymph node in- 
farction; Ischemic necrosis; Malignant lymphoma; Gene rear- 
rangement) Am J Clin Pathol 1991:96:116—120 


———————————————————————————— 


Spontaneous lymph node infarction is rare but when en- 
countered it may present a significant diagnostic problem. 
The vasculature of lymph nodes provides a dual blood 
supply, with numerous anastomosing arterial branches. '? 
Possible causes of infarction include vascular thrombosis. 
vasculitis, and mechanical vascular obstruction. Rare 
cases of viral-like illnesses associated with lymph node 
infarction have been reported, but the mechanism in- 
volved in these cases is unclear.* The strong association 
of lymph node infarction with a subsequent diagnosis of 
malignant lymphoma recently has been stressed.^ The 
diagnosis of malignancy in these situations often can be 
made only after a second biopsy. We report a case of 
complete lymph node infarction in which initial mor- 
phologic and immunophenotypic studies were nondi- 
agnostic but in which clonal immunoglobulin gene rear- 
rangement was demonstrated by Southern blotting in 
DNA extracted from the necrotic tissue. A subsequent 
biopsy was interpreted as malignant lymphoma by mor- 
phologic, immunophenotypic, and immunogenotypic 
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criteria, and this tissue contained the same rearrangement 
as that detected in the original biopsy. This study illustrates 
the potential utility of gene rearrangement studies in the 
diagnostic evaluation of infarcted lymph node specimens. 


REPORT OF A CASE 


A 77-year-old white man presented with a slowly enlarging mass in 
the left side of his neck. The lesion had been noticed for approximately 
three months but had grown more rapidly during the preceding week. 
The patient reported no fevers, night sweats, weight loss, or fatigue. The 
past medical history was remarkable for thyroid adenoma. myocardial 
infarction, stable angina pectoris, hypertension, transient cerebral isch- 
emic attacks, and prostatic hyperplasia. On physical examination, a 3- 
4 cm, soft, mobile, slightly tender mass in the left side of the neck was 
palpated, as were several smaller (less than | cm) nodes. Laboratory data 
included evidence of a mild normochromic. normocvtic anemia (he- 
moglobin 12.0 g/dL; hematocrit 36.6%). Results of remaining general 
screening laboratory studies were within normal limits. including the 
serum lactate dehydrogenase level (LDH 198 IU/L [normal 100-210 
IU/L]). An incisional biopsy revealed complete infarction of lymph nodal 
tissue, as well as the surrounding pericapsular adipose tissue. Another 
biopsy was done one week later. The tissue from this biopsy was obtained 
from a different lymph node chain in the left side of the neck. Pathologic 
examination of the second specimen revealed malignant lymphoma. 


MATERIALS AND METHODS 


Biopsy specimens were fixed in buffered formalin. sec- 
tioned at 5 um, and stained with hematoxylin and eosin 
for morphologic studies. 
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Immunophenotypic studies were performed on snap- 
frozen lymph node tissue by direct immunofluorescence 
microscopy. Reagents used included fluorescein-conju- 
gated polyclonal anti-IgG, -IgM, -IgA, -IgD, -kappa, and 
-lambda (Kallestad, Inc., Austin, TX) and unconjugated 
monoclonal antibodies directed against the CD-20, -2, 
-3, -4, -8 determinants (Bl, T11, T3, T4, T8, Coulter, 
Inc.. Hialeah, FL); CD-24 and -5 determinants (BA-1, 
T101, Boehringer Mannheim, Indianapolis, IN); CD-22 
and -7 determinants (Leu 14, Leu 9, Becton Dickinson, 
Mt. View, CA); CD-35 and -45 determinants (C3BR, leu- 
kocyte common antigen, DAKO, Santa Barbara, CA); 
and the CD-71 determinant (OK T9, Ortho, Raritan, NJ). 
Application of the monoclonal reagents was followed with 
application of a fluorescein-conjugated polyclonal anti- 
mouse G. A. M reagent (Coulter). Direct immunofluo- 
rescence microscopy was performed using a Leitz micro- 
scope (Rockleigh, NJ) equipped with a 450-W xenon 
lamp. 

For immunogenotypic studies, DNA was extracted 
from tissues with phenol and chloroform, precipitated 
with ethanol, and dissolved. Five micrograms of DNA 
was digested with restriction enzymes (Boehringer Mann- 
heim. West Germany). The BamHI and HindIII restric- 
tion enzymes were used for immunoglobulin heavy chain 
gene (Jj) analysis, BamHI was employed for kappa chain 
gene (CK) analysis, and BamHI and EcoRI were used for 
T-cell receptor beta chain gene (TCR-B) analysis. Placen- 
tal DNA served as a control. The digested DNA was elec- 
trophoresed on 0.8% agarose gel and transferred onto ni- 
trocellulose paper by the method of Southern.” The 
membranes were hybridized with random-primed, P32- 
labeled probes, washed extensively, exposed to x-ray films 
for 3-72 hours, and developed. A 3.5-kilobase (kb) 
HindIII fragment TCR-B probe was supplied by Dr. Jef- 
frey Sklar (Stanford Medical School, Stanford, C A), and 
2.5-kb EcoRI fragment CK and 2.5-kb Sau3A fragment 
Jy probes were supplied by Dr. Philip Leder (Harvard 
Medical School, Boston, MA).'^' 


RESULTS 


Pathologic Findings 


Histologic examination of the initial lymph node biopsy 
specimen showed massive ischemic necrosis of the lymph 
node and surrounding fibroadipose tissue. The capsule of 
the node was intact, with an adjacent thin rim of viable 
lymphoid tissue that was composed of small lymphocytes 
and sinus histiocytes. The majority of the node was rep- 
resented by a confluent sheet of eosinophilic necrotic ma- 
terial with scattered pyknotic nuclei and areas showing 
the silhouettes of necrotic lymphocytes (Fig. 1). The 


number of inflammatory cell infiltrates within the node 
was minimal: however, neutrophils were spread diffusely 
throughout the surrounding soft tissue. Granulematous 
infiltrates, vascular thromboses, and vasculitis were not 
seen. A reticulin stain showed the residual collapsed re- 
ticulin skeleton. 

The second lymph node biopsy showed focal efface- 
ment of nodal architecture by a follicular and diffuse pro- 
liferation of large, atypical lymphoid cells. In some areas 
the infiltrates were composed of a mixture of small cleaved 
and large cells; however, the majority of the neoplastic 
cells were large with cleaved nuclei, together wath large 
noncleaved cells (Fig. 2). Although infarction of the second 
lymph node was not identified, the surrounding pericap- 
sular fibroadipose tissue showed areas of ischemicmecrosis. 

The immunophenotypic studies of the initial biopsy 
specimen were difficult to interpret, presumably because 
of the extensive necrosis and poor antigenic preservation. 
The infarcted cells stained strongly with antikappa and 
antilambda light chain antibodies and expressed C D-22 
(Leu-14); however, staining with other pan-B-cel: markers 
(i.e., CD-20 [B1], CD-24 [BA-1], and CD-35 [C3BR]) was 
uniformly negative. Several reagents, including anti-IgG, 
-IgM, and -IgA, showed nonspecific staining of the ne- 
crotic material, as well as the capsule and soft tissue. In 
addition, pan- T-cell markers were either uniformly neg- 
ative or were uninterpretable because of nenspecific 
staining. The malignant lymphoma in the second speci- 
men lacked expression of surface immunoglobulin but 
stained with CD-20. -22, -24, and -35, consistent with à 
B-cell lymphoma of follicular center cell origin. 

Immunogenotypic studies were performed on both 
specimens as described. Identical clonally rearranged 
bands were detected with the Jj; and CK probes in DNA 
extracted from both specimens, indicating a clonal B-cell 
proliferation (Figs. 3 and 4). The TCR-B blots revealed 
no clonal rearrangement in either study. These findings 
show that, despite the necrosis, there was preservation of 
a sufficient amount of DNA to permit successful immu- 
nogenotypic analysis. 


DISCUSSION 


The rarity of superficial lymph node infarction has been 
a topic of discussion in the literature for the las: SO years. 
In animal studies, it has been shown that even with oc- 
clusion of the lymph nodal vascular pedicle, perfusion to 
the capsule and subcapsular cortical tissues is main- 
tained.!2:!3 Initial reports of spontaneous lymph node in- 
farction suggested vasculitis, vascular thrombosis, or me- 
chanical vascular obstruction as possible etiologies.’ ` 
Reported associations of infarction with viral-like illnesses 
accompanied with fever were described later.” In recent 
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FIG. | (/eft). The center of the first lymph node biopsy specimen, containing confluent zones of coagulation necrosis and scattered pyknotic nuclei. 


Hematoxylin and eosin (X100). 


FiG. 2 (right). The second biopsy specimen containing a neoplastic lymphoid 


of large cleaved and noncleaved cells. Hematoxylin and eosin (X100). 


years, the association of complete lymph node infarction 
as a herald of the development of malignant lymphoma 
has been stressed, although the cause for this phenomenon 
remains unknown.>~’ 

Gorelkin and Majmudar'^ reported a case of massive 
lymph node infarction in an elderly patient. After another 
biopsy two months after the initial biopsy, the patient was 
diagnosed with malignant lymphoma. Gorelkin and 
Majmudar thought that the initial biopsy was infarcted 
because of an unexplained benign process; they stressed 
the finding of residual reticulin framework in the infarcted 
node, as compared with the neoplastic node. They be- 
lieved that reticulin staining in the necrotic tissue helped 
distinguish “benign” ischemic necrosis from tumor-as- 
sociated infarction. 

Cleary and colleagues? reported 16 cases of lymph node 
infarction in patients whose initial lymph node biopsy 
specimens showed complete ischemic necrosis. In this 
study, 13 of the 16 patients (80%) were diagnosed with 
malignant lymphoma after subsequent biopsies, which 
were obtained from two days to six months after the initial 
biopsy. One of the remaining three patients was later di- 


proliferation with a follicular growth pattern comprised predominantly 


agnosed with metastatic carcinoma after a second biopsy 
of an axillary lymph node. Apparently, no malignancy 
developed in the other two patients. The cause of infarc- 
tion in these cases was not determined. The majority of 
the lymph nodes (70%) were from the head and neck re- 
gion, and the most frequent histologic finding was that of 
a diffuse large cell lymphoma (6/13 cases; 46%). 

Ballas and co-workers" studied 12 cases of “infarcted 
lymph node syndrome” and found that several clinical 
factors and laboratory data helped identity the cause of 
the infarction. In the Ballas series, all six patients with 
elevated serum LDH were diagnosed with lymphoma after 
subsequent biopsies that followed the initial biopsies by 
periods ranging from days to months. The study did not 
state how many of the six patients with normal LDH levels 
subsequently developed lymphoma. Additional factors in 
predicting a neoplastic outcome included advanced age, 
size of the nodes, duration of symptoms, and the presence 
and degree of anemia. In contrast, in the study by Cleary 
and associates, the serum LDH was reported to be normal 
in five cases in which such determinations were available, 
and all five were diagnosed with lymphoma after subse- 
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FIG. 3. Southern blot analvsis of the immunoglobulin heavy chain (JH) 
gene using BamHI and Hindill restriction endonuclease digestions. 
Germline bands are present in the control (C) and the specimen lanes 
(Si and S2). Identical clonal rearranged bands (arrows) are present on 
the BamHI and HindIII digested lanes from the first (SI-infarcted) and 
second (S2-noninfarcted) specimens. 


quent biopsies.^ The serum LDH level in our patient was 
normal at the time of the initial biopsy. However, it ap- 
pears that an elevation of the serum LDH in the setting 
of lymph node infarction may be a useful indicator to 
suggest lymphoma as a possible etiology. Nonetheless, a 
normal value certainly does not exciude that diagnosis. 
In 1986. Maurer and colleagues'^ reported the results 
of a multicenter study of the infarcted lymph node syn- 
drome. The analysis included a total of 51 cases in which 
infarction was present in lymph node biopsies. Lym- 
phoma was found synchronously with the infarct in 14 
cases. The remaining 37 cases, having a mean follow-up 
period of 48 months, showed the development of malig- 
nant lymphoma in a subsequent biopsy specimen in six 
cases (16%). The overall incidence of lymphoma in in- 
farcted lymph nodes was approximately 40% (20/51 
cases). The authors stressed the observation that the ma- 
lignancies of all of these patients developed within two 
years of the initial biopsies. In these cases, the reticulin 
framework of the nodes was preserved, regardless of the 
etiology of the infarction. In this study, the lymphomas 
were more evenly distributed between small and large cell 
lymphoid neoplasms, compared with studies that previ- 
ously reported a higher incidence of large cell lymphomas. 
These authors did not have laboratory data to support 





the suggestions made by Ballas and colleagues « oncern- 
ing the utility of the LDH level in determining the cause 
for the infarction. 

Immunophenotypic data were not reported in carly case 
reports and series on lymph node infarction. Recently, 
Norton and associates!" studied 11 cases in which lym- 
phoma was diagnosed at the time of or after lymph node 
infarction. These authors used monoclonal antibodies to 
“fixation-resistant leukocyte antigens" in paraffin- 
embedded tissue. In 8 of the 11 cases, the immunophe- 
notypic studies provided evidence for a B- or T-cell pro- 
liferation, and these data paralleled results obtamed with 
subsequent noninfarcted tissues. In the Norton study, im- 
munophenotypic data suggested or supported a diagnosis 
of lymphoma, but clonality could not be determined im- 
munologically. In our case, immunophenotypic studies 
were inconclusive. Although the majority of the residual 
viable and partially necrotic cells were CD-22-(Leu-14) 
positive, the remaining pan-B-cell markers were non- 
reactive, and the kappa and lambda stains were equally 
positive. In addition. several studies (heavy cham and T- 
cell markers) showed diffuse nonspecific stainiag of the 
capsule and surrounding soft tissues. 

Immunoglobulin and T-cell receptor beta chain gene 
rearrangement studies have proven to be useful adjuvant 
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FiG. 4. Southern blot analysis of the immunoglobulin kappa light chain 
(CK) gene using BamHI restriction endonuclease digestion. Germline 
bands are present in control (C) and specimen lanes (51 and S2). Identical 
clonal rearranged bands (arrows) are present in both the first 'SI-infarcted) 
and second (S2-noninfarcted) specimens. 
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procedures in the evaluation of lymphoid proliferations. '? 
In this case, clonal immunoglobulin gene rearrangement 
was detected by Southern blot hybridization in the in- 
farcted specimen. Moreover, the subsequent biopsy spec- 
imen, which was diagnosed as malignant lymphoma, 
contained identical clonally rearranged bands. The ability 
of DNA to withstand ischemic necrosis and prove suitable 
for Southern blot analysis is unknown. It is likely that 
gene rearrangement was detected because of the sensitivity 
of this technology in identifying a clonal population of 
cells. In theory, if one in 20 cells contained intact strands 
of DNA, gene rearrangement could be detected. Although 
antigen preservation may parallel DNA preservation, the 
interpretation of immunophenotypic studies may be lim- 
ited by nonspecific staining and a lack of definite cell sur- 
face light chain restriction. This report illustrates another 
potential application of gene rearrangement studies in the 
evaluation of diagnostically difficult lymph node speci- 
mens and further emphasizes the need for obtaining fresh 
or snap-frozen tissue at the time of a lymph node biopsy. 
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Fetal tissues from 16 spontaneous abortions, two terminations, 
and one perinatal death, 18 of which were associated with ma- 
ternal human parvovirus B19 infection, were examined for B19 
infection by histology and in situ hybridization using a digoxi- 
genin-labeled B19-DNA probe. In 15 spontaneous abortions and 
one termination, erythroblasts with intranuclear inclusions (lan- 
tern cells) reacted with B19-DNA by in situ hybridization. No 


internal or external fetal malformations were observed. Because 
13 (86.7%) spontaneous abortions with lantern cells occurred 
between the 20th and 28th weeks of gestation, it is postulated 
that B19 infection may be a particular threat to the fetus during 
this stage of gestation. (Key words: Parvovirus B19; Abortion; 
Fetal infection; Histology; Zn situ hybridization) Am J Clin Pa- 
thol 1991;96:121-126 
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Human parvovirus B19, first identified by Cossart and 
colleagues,' induces aplastic crises in patients with sickle 
cell anemia and other chronic hemolytic anemias.” The 
most common clinical manifestation of B19 infection is 
erythema infectiosum, a disorder that can be accompanied 
by exanthema, arthralgia, polyarthritis, lymphadenopathy, 
and/or flu-like symptoms." ^ Vascular purpura IS some- 
times associated with acute B19 infection.” Recently, B19 
has been shown to cause chronic bone marrow aplasia in 
immunodeficient patients.° Asymptomatic B19 infections 
apparently are common and represent as many as 80% 
of cases of known seroconversion.^^' 

In pregnancy, B19 infection may harm the fetus by 
causing hydrops fetalis, a condition that leads to fetal loss 
in 5-20% of such cases.^ ^" Fetal complications following 
B19 infection have been reported at all stages of gesta- 
tion." and the time between maternal symptomatic B19 
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infection and onset of fetal complications can be as long 
as 12 weeks.'? Erythroid precursor cells are the target cells 
of B19 infection.'??? In the fetus, viral infection of these 
cells can inhibit fetal erythropoiesis,*' resulting in massive 
anemia and hydrops fetalis. B19 infection of the mothe: 
is diagnosed by detecting B19-specific IgM (anti-B19 IgM) 
in serum. In some cases, fetal B19 infection has been 
identified by detecting anti-B19 IgM or B19 antigen in 
cord blood? or B19 antigen in amniotic fluid. Elevated 
alpha-fetoprotein also may indicate fetal B19 infection.” 

B19-infected erythroblasts with intranuclear mclusions 
have been observed in fetal tissue in isolated 
cases, 121222425 In this report, we confirm the histologic 
finding of intranuclear inclusions in a greate! number of 
fetuses that were aborted after maternal B19 infection 
We also demonstrate B19-DNA in these cells by in situ 
hybridization using a digoxigenin (Dig)-labeled B19-DNA 
probe. 


MATERIALS AND METHODS 


Patients 


We examined tissues of 17 fetuses (cases 1-17) aborted 
at various stages of gestation, and of one neonate (case 
18) who died following birth trauma (Table | [n all in- 
stances, acute maternal B19 infection was demonstrated 
before delivery. All 18 women (cases 1-18) were positive 
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TABLE 1. CLINICAL FINDINGS IN B19-ASSOCIATED FETAL DEATHS (CASES 1-16), B19-NEGATIVE FETUSES 
(CASES 17 AND 18) AND A NEGATIVE CONTROL (CASE 19) 


Maternal Week of 
Age Intrauterine Autopsy 
Case (years) Death Findings Lantern Cells B19-DNA Positive Tissues 
| 26 25 Hydropic Lungs Lungs 
2 33 24 Hydropic Liver, spleen, heart, pancreas, muscle, skin Liver, spleen, heart, pancreas, muscle, skin 
3 21 23 Hydropic Liver, spleen Liver, spleen 
4 24 24 Hydropic Liver, spleen Liver, spleen 
5 30 26 Hydropic Liver, bone marrow, skin Liver, bone marrow, skin 
6 34 33 Hydropic Liver, spleen, bone marrow, heart, lungs, Liver, spleen, bone marrow, heart, lungs, 
pancreas, kidneys pancreas, kidneys 
7 41 25 Hydropic Liver, bone marrow, kidneys, placenta Liver, bone marrow, kidneys, placenta 
8 25 20 Hydropic Liver, spleen, bone marrow, pancreas. Liver, spleen, bone marrow, lungs, pancreas. 
lungs, kidneys, placenta, skin, thyroidea, kidneys, placenta, skir, thyroidea, ovary 
ovary 
9 42 21 Hydropic Liver, spleen, bone marrow, pancreas, heart, Liver. spleen, bone marrow, pancreas, lungs, 
kidney, lungs. thyroid gland, skin, heart, kidneys, thryoid gland, skin, 
muscle, ovary muscle, ovary 
10 25 14 Anemic Liver, spleen, bone marrow, heart. lungs, Liver, spleen, bone marrow, heart, lungs, 
nonhydropic brain, placenta brain, placenta 
11 35 24 Hydropic Liver, spleen, heart, lungs, kidneys Liver, spleen, heart, lungs, kidneys 
12 18 24 Hydropic Liver, lungs Liver, lungs 
13 26 28 Hydropic Spleen, lungs, kidneys, muscle, kidneys, Spleen, lungs, muscle, kidneys, eye, 
intestine intestine 
14 37 23 Hydropic Bone marrow Bone marrow 
15 2y. 18 Hydropic Bone marrow Bone marrow 
16 29 12 Unknown* Liver, bone marrow, lungs Liver, bone marrow, lungs 
17 33 17 Hydropic* Liver, spleen, bone marrow, heart. lungs, Liver, spleen, bone marrow, heart, lungs, 
polycystic kidneys kidneys 
kidneys 
18 25 Perinatal Tentorial Liver, spleen, bone marrow, heart. lungs, Liver, spleen, bone marrow, heart, lungs, 
death bleeding kidneys, brain kidneys, brain 
19 29 15 Unknown’ Liver, spleen Liver, spleen 


* Pregnancy terminated. 


for anti-BI9 IgM and IgG by ELISA.”° In the final case 
(case 19), the mother tested negative for B19-specific an- 
tibodies. All patients were tested either because they had 
symptoms of erythema infectiosum, had contact with 
persons known to have B19 infection, or were admitted 
to the hospital because of fetal hydrops fetalis. The median 
age of the mothers was 29.5 years (range 18-42 years). Of 
the 18 fetal deaths, 1 (5.5%) occurred in the first trimester. 
12 (66.7%) in the second, and 5 (27.8%) in the third. 

The aborted fetus of a woman who tested negative for 
B19-specific antibodies (case 19) was used as a negative 
control. 


Fetal Tissues 


Tissues ofthe 17 fetuses, the neonate, and control (listed 
in Table 1) were obtained from obstetrics and gynecology 
hospitals and departments of pathology. Fetal tissues were 
either obtained fresh within 24 hours of delivery, fixed in 
buffered 4% formaldehyde, or embedded in paraffin. 

Additional age-matched controls consisted of a panel 
of liver tissue from 33 aborted fetuses with unknown B19- 
antibody status that had been collected previously by the 


t Cause of death unknown. 


Institute of Pathology, Munich, Germany, from cases of 
intrauterine death of unknown cause between the 18th 
and 36th weeks of gestation. All such tissues were ex- 
amined for B19 infection by histology and in situ hybrid- 
ization. 


Histology 


Two-micrometer slices of each tissue block were stained 
routinely with hematoxylin and eosin. For detailed lo- 
calization of infected cells, serial sections were stained 
immunohistochemically using specific antibodies against 
collagen type IV (Eurodiagnotics, Leiden, Netherlands) 
and an indirect immunostaining procedure with the sec- 
ondary antibody coupled with avidin-biotin complexes 
(Vector Laboratories, Inc., Burlingame, CA) to identify 
endothelial basement membranes.’ 


In Situ Hybridization 


For in situ hybridization, slides with paraffin-embedded 
fetal tissues were deparaffinized in xylol and washed in 
70% ethanol. The slides were incubated in 2 X SSC (stan- 
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dard saline citrate) (1X; SSC = 0.15 M NaCl; 0.015 M 
Na-citrate pH 7.5) at 70 °C, followed by 20 mmol TRIS- 
HCI pH 7.4, 2 mmol CaCl, and 2 ug/mL Proteinase K 
for 15 minutes at 37 °C. After incubation in phosphate- 
buffered saline (PBS) and 0.2% glycine for 10 minutes at 
room temperature, the slides were treated in PBS and 4% 
paraformaldehyde pH 7.0 for 10 minutes at room tem- 
perature, washed in H,O, and incubated in increasing 
concentrations of ethanol ( 50-70-90%) for 1 minute each. 
Slides were heated (100 °C) in 0.1X SSC for 30 seconds 
and cooled in ice-cold 0.1x SSC. Finally, incubation in 
ethanols (50-70-90%) was repeated. For the hybridization 
solution (1 mL), we used 1 M TRIS-HCI pH 7.5 (9:9 uL), 
0.04 M EDTA (24.8 uL), 5 M NaCl (118.8 uL), 0.5 ug/ 
mL formamide (495 uL), 2% Ficoll? (9.9 uL; Pharmacia, 
Freiburg, Germany), 296 polyvinyl-pyrrolidone (9.9 uL; 
Sigma, St. Louis), 100:mg/mL bovine serum albumin 
(BSA) (9.9 uL), 5 mg/mL calf-thymus DNA (19. 8 uL), 1 
mg/mL Poly. A (99: uL; Boehringer Mannheim, Mann- 
heim, Germany), 10 mg/mL t-RNA (99. uL), and HO 
(104 uL). 

' For detecting B19-specific DNA in fetal tissue, we used 
a 700 base pairs (bp) PstI-fragment of the B19 genome 
that was attached to EcoRI and HindIII linkers (donated 
by H. Wolf, Munich, Germany) and cloned into plasmid 
Pgem,PTM1. This plasmid was digested with EcoRI and 
HindllI and the B19 insert separated and purified using 
standard methods. The: BÍ9 probe was labeled with di- 
goxigenin (Dig) based on random primed incorporation 
of Dig-labeled desoxyuridin-triphosphate as described by 
the manufacturer. As a negative control, a DNA clone of 
another parvovirus, rheumatoid arthritis virus (RA-1) 
(supplied by D. VanLeeuwen, Abbott Laboratories, North 
Chicago, IL) was used. | 

For hybridization, 10 ng/uL of Dig-labeled B19 DNA 
and RA-1 DNA probe were added to 10 uL/slide of the 
hybridization solütion, heated at 100 *C for 4 minutes 
and cooled in ice-cold. water. Finally, this mixture was 
added to the slide, covered with a silicon-covered cover 
glass and incubated for 24 hours at 37 °C. The cover glass 
was removed, and washed. The immunological staining 
reaction, based on alkaline phosphate-conjugated poly- 
clonal sheep anti-Dig Fab fragments, was performed as 
suggested by the manufacturer (Boehringer Mannheim). 
The slide was mounted in Kaisers Glycerine-gelatine 
(Merck, Darmstadt, Germany) and examined under a 
light microscope (Zeiss, Oberkochen, Germany). 


RESULTS 


Acute B19 infection was confirmed serologically in 18 
pregnant women (cases 1-18). The group included 15 
cases of spontaneous abortions, 2 terminations (following 





pathological ultrasound findings in 1 case and on maternal 
request in the other), and 1 perinatal death. Erythroblasts 
with intranuclear inclusions! were identified in 16 (88.9%) 
fetuses. Because these erythroblasts reacted positively by 
in situ hybridization with B19 DNA, the inclusions were 
regarded to be specific for B19 infection. These infected 
erythroblasts resemble a Chinese lantern; hence, we refer 
to them as “lantern cells." 


Clinical Findings 


The median age of the 16 women with B19-associated 
fetal loss (cases 1—16) was 29.2 years (range 18—42 years). 
In 4 cases, symptoms typical of acute B19 infection were 
observed. Erythéma infectiosum was reported in 2 (12.5%) 
cases, in the 13th (case 10) and the 18th (case 3) weeks 
of gestation. Two (12. 5%) other women, during the 18th 
(case 14) and the 11th (case 16) weeks of gestation, re- 
ported contact with persons known to have erythema in- 
fectiosum, whereas the remaining 12 women (75.0%) were 
asymptomatic until the onset of fetal complication. 


" One pregnancy was terminated at the mother's request 


- during the 12th week of pregnancy (case 16); ultrasound 


findings were unavailable. In the remaining 15 cases of 
spontaneous abortiori (cases. 1-15), intrauterine death oc- 
curred between the 14th and 33rd weeks of gestation; 13 
fetuses (86.7%) died between weeks 20 and 28. 


Gross Autopsy Findings 


Hydrops fetalis was present at autopsy in 14 of the 15 
(93.3%) spontaneous abortions. The hydrops was gener- 
alized, although each fetus|was affected to a different ex- 
tent. One fetus (case 10) was nonhydropic but was severely 
anemic; interestingly, massive hydrops fetalis had been 
diagnosed by ultrasound examination two weeks before 
intrauterine death. However, at autopsy the hydrops had 
disappeared, probably because therapeutic intrauterine 
transfusion had been performed. 

External malformations were present in only one fetus 
(cheiloschisis; case 5). None of the other cases had either 
external or internal malforn nations. No evidence of fetal 
B19 infection was found i in case 17, a pregnancy that was 
terminated because of polycystic kidney disease in the 
17th week of gestation, or in case 18, a neonate who died 
of birth . trauma (intrace’ ebral bleeding). Ultrasound 
monitoring of the pregnancy was normal i in the latter case. 


| 


f 
Histologic Findings 
In 16 fetuses, B19 infection was detected by the iden- 
tification of erythroblasts with intranuclear alterations 
(lantern cells). The nuclei jof these erythroblasts were eo- 
sinophilic, enlarged, and ballooned; - ‘hematoxylin and 
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eosin staining showed marginal inclusions. In fetal tissues 
of the 15 cases of abortion and the one terminated preg- 
nancy (Table 1, cases 1-16), lantern cells were demon- 
strated by routine histologic staining. Such lantern cells 
were detected in various fetal tissues (Table 1) but were 
found mostly in small capillaries. In the fetal liver, spleen, 
and bone marrow (Fig. 1), lantern cells were found in the 
stroma. In two fetuses, lantern cells were detected intra- 
vascularly in the placenta. The number of lantern cells 
identified by light microscopy varied among the different 
cases. The use of immunohistochemistry with specific an- 
tibodies against collagen type IV for the localization of 
lantern cells in tissues other than liver, spleen, or bone 
marrow revealed an exclusive localization of these cells 
within vascular lumens (Fig. 2). In the nonhydropic fetus 





(case 10), only a few lantern cells were detected. Tissues 
from the neonate (case 18), the fetus used as a negative 
control (case 19), and the fetus from the pregnancy that 
was terminated because of polycystic kidneys (case 17), 
were negative for lantern cells. 

In liver tissues of 33 fetuses aborted between the 18th 
and 36th weeks of gestation with unknown B19-antibody 
status, no lantern cells were detected. 


In Situ Hybridization 


B19-DNA was demonstrated by in situ hybridization 
using a Dig-labeled 700 bp PstI fragment of the B19 ge- 
nome in tissues from all 16 fetuses with histologically 
identified lantern cells (Fig. 3). No hybridization signals 


FIG. | (upper lefi). Fetal bone marrow with B19-infected 
erythroblasts with intranuclear inclusions (lantern cells) by 
hematoxylin and eosin staining (arrow) (X 1,000). 


FIG. 2 (upper right). Immunohistochemical staining with spe- 
cific antibodies against collagen type IV to localize endothelial 
basement membranes. Lantern cells can be seen intravascu- 
larly (arrow) (X1,000). 


FIG. 3 (/ower). In situ hybridization of fetal liver using a Dig- 
labeled 700 bp B19-DNA probe, showing a positive cell (arrow) 
(X 1,000). 
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were obtained in B19-positive tissues (case 6) using the 
Dig-labeled RA-1 DNA probe. No other cell type was 
shown to contain BI9-DNA. The number of positive cells 
detected by in situ hybridization was slightly higher than 
that obtained by histologic routine staining. In autolyti- 
cally altered tissue areas, positive BI9-DNA signals were 
seen in cells even when a typical lantern configuration 
was no longer recognizable. Tissues from the neonate (case 
18), the fetus used as a negative control (case 19), and the 
fetus from the pregnancy terminated because of polycystic 
kidney disease (case 17) were negative for BI9 DNA. 

To test specificity of the assay, liver tissues of 33 aborted 
fetuses with unknown B19-antibody status were tested for 
B19-DNA by in situ hybridization. None of the cells from 
these tissues were positive for BI9-DNA. 


DISCUSSION 


Like some other viral infections (rubella virus, varicella 
zoster virus, cytomegalovirus) in pregnancy, B19 infection 
endangers the fetus. The risk of fetal loss in women with 
acute B19 infection is estimated to be between 5% and 
20%,*” with most abortions occurring between the 10th 
and the 20th weeks of pregnancy.* In contrast, in our 
study most B19-associated fetal deaths occurred between 
the 20th and the 28th weeks; the vulnerability of the fetus 
to B19 virus during this period can be explained by the 
short fetal red cell survival and the rapidly expanding red 
cell volume that occurs at that time. 

Malformations following fetal B19 infection have been 
reported in only one case in early pregnancy'^; accord- 
ingly, we observed no malformations or abnormalities in 
B 19-infected fetuses. One case of cheiloschisis was seen, 
but as this abnormality frequently occurs spontaneously, 
it cannot be linked to B19 infection. In one study, B19- 
DNA was detected in fetal myocardial cells by in situ 
hybridization, indicating infection of the myocardium," 
but we found no indication of myocardial infection in 
myocardial tissues of five fetuses with known B19 infec- 
tion. No cells other than erythropoietic cells were positive 
for B19-DNA by in situ hybridization in any of the tissues 
examined in this study. 

In one fetus from the mother with polycystic kidney 
disease (case 17) and in the neonate who died of intra- 
cerebral bleeding (case 18), lantern cells were not detected 
histologically, and in situ hybridization was negative, de- 
spite the fact that acute maternal B19 infection was con- 
firmed serologically. In these two cases, B19 virus seems 
not to have been transmitted transplacentally; the fetal 
outcome could not be related to the maternal infection. 

Immunohistochemical staining of endothelial basement 
membranes revealed that infected cells were intravascular 
except in liver, spleen, and bone marrow. The target cell 


of B19 infection apparently is the erythroblast, and the 
organs with the greatest number of infected erythroblasts 
(lantern cells) were the liver, spleen, and bone marrow. 

In situ hybridization techniques are used widely for 
confirming the presence of viral DNA. Hazards, expense. 
and relative instability of radioactive labels associated with 
these techniques have led to a search for alternative, non- 
radioactive, means of DNA labeling, such as biotin and 
acetylaminofluorene for B19-DNA in situ hybridization." 
Dig-labeled B19-DNA probes have been used for dot blot 
hybridization and have been shown to be highly sensitive 
and specific for detecting as little as 0.1 pg B19 DNA.? 
In addition, Dig-labeled B19-DNA probes are stable for 
several months. The convenience offered by such probes 
allows further routine use in the examination of paraffin- 
embedded fetal tissues. 

In view of the apparently high risk to the fetus, all 
women with an acute illness that resembles a B19 infection 
or women who have been in contact with B19-infected 
patients should be tested serologically for anti-B19 IgM. 
If confirmed positive, monitoring of the pregnancy is rec- 
ommended.^ In the event of intrauterine death, fetal tis- 
sues should be examined histologically for lantern cells. 
If such cells are present, fetal BI9 infection should be 
confirmed by in situ hybridization. 
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Early Use of Indirect Immunofluorescence 
for the Detection of Respiratory Syncytial 
Virus in HEp-2 Cell Culture 


KENNETH BROMBERG, M.D.,' GAYLENE TANNIS, A.A.,! AND BENNETT DAIDONE, B.S- 


Respiratory syncytial virus is detected in cell culture by the 
presence of cytopathic effect. To detect RSV before cytopathic 
effect is usually seen, slides were evaluated retrospectively from 
482 HEp-2 cell cultures on days 2-4 after inoculation. Indirect 
immunofluorescent staining detected RSV in 57 of 94 cultures 
that eventually were found positive by cytopathic effect. In an 
additional 19 cases that ultimately showed no cytopathic effect, 


RSV also was detected. In 15 of the latter cases, the presence 
of RSV was confirmed in the original specimen. Use of indirect 
immunofluorescence can be used to augment the sensitivity of 
cell culture for the detection of RSV because cytopathic effect 
may not always be evident. (Key words: Respiratory syncytial 
virus; Immunofluorescence; HEp-2 cell culture; Antigen detec- 
tion; Cytopathic effect) Am J Clin Pathol 1991:96:127-129 





Respiratory syncytial virus (RSV) infection is the most 
common cause of lower respiratory tract infection in in- 
fants. It is diagnosed by detection of antigen in nasopha- 
ryngeal secretions or by viral isolation from these secre- 
tions using cell culture. Detection of RSV antigen by im- 
munofluorescence in exfoliated nasal epithelium'^? or by 
enzyme immune assay of antigens in nasopharyngeal se- 
cretions using commercially available kits?’ is useful in 
the care of potentially infected patients because results 
may be available within hours. In contrast, the detection 
of RSV in cell culture may require as long as two weeks. 
[n addition, the low cost of antigen detection by immu- 
nofluorescent or immunoenzyme methods is an advantage 
over the relative expense of cell culture. However, some 
investigators question the specificity and sensitivity of an- 
tigen detection by these means. In some settings, viral 
isolation may be required to subtype RSV isolates or to 
test the isolates for sensitivity to antiviral compounds.” 
Cell culture, the universal standard, also is needed as a 
basis for comparison in the evaluation of antigen detection 
techniques. Thus, there is still a need for cell culture in 
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RSV diagnosis. However, it may be possible to improve 
the sensitivity of current detection methods by using an- 
tigen detection, in conjunction with cell culture. to identify 
RSV independent of its cytopathic effect. 

RSV usually is detected in cell culture by the presence 
of a characteristic cytopathic effect (CPE). but RSV 
antigens are detectable in cell culture before CPE devel- 
ops.!°-!2 In addition, the presence of other viruses or bio- 
chemical changes in the medium may obscure the CPE 
of RSV. Immunofluorescent staining of cell culture can 
detect the growth of RSV in the absence of CPE. 

To evaluate the sensitivity of immunofluorescent 
staining of cell culture for the detection of RSV ata time 
when CPE was not likely to be present, HEp-2 cells were 
examined by immunofluorescence on days 2-4 after in- 
oculation with clinical specimens. As expected, the use of 
immunofluorescence early in the culture sequence (earl) 
immunofluorescence) reliably detected virus that subse- 
quently developed typical CPE. More impor! antly, early 
immunofluorescence detected RSV in cases where CPE 
was never observed. Enzyme immunoassay of the original 
specimen was used to confirm most of these results as 
true positives. 


MATERIALS AND METHODS 


Over a two-year period (1984-1986), 482 nasopharyn- 
geal aspirates were inoculated into Rhesus monkey kidney. 
human embryonic kidney, WI-38, and HEp-? cell culture 
for the isolation of viruses using standard techniques and 


128 CLINICAL MICROBIOLOGY 
Original Article 


commercially available cell culture materials.* Specimens 
were kept in test for 2 weeks. A single slide was made 
from one of the two tubes of HEp-2 cells by scraping the 
cells from the tube with a pipette. Slides were made on 
days 2-4 after inoculation. Only one slide was made from 
each culture. These slides were stored at —70 ?C and later 
stained using an indirect technique with bovine anti-RSV 
(Wellcome Reagents Limited, Beckenham, England) and 
fluorescence conjugated antibovine antibody (Kirkegaard 
and Perry Laboratories, Gaithersburg, MD). All isolates 
of RSV detected by CPE in HEp-2 cells were confirmed 
by the same indirect immunofluorescent technique. Slides 
for RSV immunofluorescence were made only on days 
2-4 and when RSV CPE was detected. No slides were 
made at the end of the two-week inoculation period. 
Specimens from this time period also were stored at —70 
°C and later were examined by RSV-selective enzyme 
immunoassay (EIA) available from either Kallestad, Or- 
tho,* or Abbott laboratories? as part of an ongoing eval- 
uation of these assays. The early immunofluorescence 
slides were stained and read several months later. inde- 
pendent of the final isolation results or the results of the 
EIAs. 


RESULTS 


The sensitivity of early immunofluorescent Staining for 
the detection of RSV relative to culture was 61% (Table 
I). An important observation was the detection of RSV 
by early immunofluorescence on slides obtained from 19 
negative cultures. The original specimens associated with 
15 of these 19 slides had positive EIAs. All 15 positive 
EIAs had either a positive blocking test,^ ^ a second pos- 
itive EIA by a kit from a second manufacturer. or a pos- 
itive direct immunofluorescent test on the original spec- 
imen, if no blocking test was done. Three specimens were 
subjected only to the Ortho EIA test and were negative, 
whereas one specimen was not run in any EIA test. Seven 
of these 15 confirmed specimens had other viruses isolated 
in cell culture: two were enteroviruses, three were ade- 
noviruses, and two were influenza B virus. 


TABLE 1. EARLY IMMUNOFLUORESCENCE VERSUS 
CULTURE IN 482 NASOPHARYNGEAL ASPIRATES 


Early Fluorescence 


Culture 4 — 
arene UULU 
+ 57 34 
= 19* 369 


eee 


* Fifteen of nineteen cultures negative confirmed by enzyme immunoassay or direct fluorescence 
of nasopharyngeal aspirate. 


DISCUSSION 


The diagnosis of RSV by the detection of CPE in cell 
culture can be difficult. The development of RSV CPE is 
dependent on glutamine! and magnesium concentra- 
tion.'^ Thus, if the biochemical conditions of the medium 
are not sufficient, syncytium formation may not take 
place. In addition, HEp-2 cells are heteroploid and can 
grow past a confluent monolayer, making the detection 
of CPE difficult. Furthermore, other viruses (such as Ad- 
enovirus or some of the enteroviruses that grow in HEp- 
2 cells) can obscure the development of RSV CPE 245.5 
RSV occasionally may not be apparent in cell culture 
because ofa lack of quality culture in com mercially avail- 
able cells for their ability to develop syncytia. Because of 
these problems with cell culture and because of the speed 
of antigen detection systems such as immunofluorescence 
or EIA, such methods of antigen detection may be pre- 
ferred to culture for the diagnosis of RSV infections. 

Interestingly, in this study. four positive early immu- 
nofluorescent studies were not confirmed by culture or 
EIA. These could represent false-positive results, the pres- 
ence of nonviable virus in exfoliated nasa! epithelium that 
was inoculated into the HEp-2 cells, or a failure of the 
less-sensitive Ortho enzyme immunoassay.* ^ If the early 
fluorescence results had been known at the time. the cul- 
tures could have been reexamined by immunofluores- 
cence or a more-sensitive EIA, before the cultures were 
discarded, to confirm the presence of RSV. 

Others have found CPE to be less reliable than im- 
munologic antigen detection methods. In a study of 40 
frozen specimens that were positive for RSV on initial 
inoculation, 35 were positive on reinoculation of spun 
cell cultures stained for RSV using an immunoperoxidase 
method on day two after inoculation." Of these 35 pos- 
itives, only 26 developed CPE on standard cell culture. 
An additional four cases were detected using immuno- 
peroxidase staining of standard cell culture material on 
day 18. The finding of additional positive results using 
an antigen detection method in the absence of CPE is 
consistent with our study. 

Given our observations and the information presented 
here, a strong argument can be made that either early 
immunofluorescence of HEp-2 cells or immunofluores- 
cence of all HEp-2 cells that fail to show CPE should be 
performed before the cells are discarded. In addition, other 
cell lines available in a virology laboratory that may not 
show typical CPE could be used to isolate RSV using the 
same techniques. Previous studies of WI-38 and Rhesus 
monkey kidney cells for the culture of RSV!! have re- 
vealed results equal to those obtained with HEp-2. Other 
investigators have found Rhesus monkey kidney cells to 
be superior to HEp-2 cells, whereas a combination of these 
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cell lines has proven to be superior to either line used 
alone.!? 

In most laboratories, failure to detect RSV often is due 
to the absence of CPE. Based on this experience and fre- 
quent comments in the literature about viral óvergrowth, 
we propose that routine immunofluorescence of cell cul- 
ture material be used in all future studies of RSV. Further, 
given the speed of antigen detection using patient speci- 
mens, we advocate the use of antigen detection (fluores- 
cence or EIA) methods with nasopharyngeal material as 
an initial procedure, combined with the application of a 
similar technique at the termination of the culture se- 
quence. 
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Single Case Report 


Catalase-Negative Listeria monocytogenes 
Causing Meningitis in an Adult 
Clinical and Laboratory Features 


MARSHA A. SWARTZ, M.D.,' DAVID F. WELCH, PHD.? RADHA P. NARAYANAN, M.D.,! 
AND RONALD A. GREENFIELD, M.D.! 


A 63-year-old previously healthy woman presented with acute 
meningitis. Cultures of the cerebrospinal fluid yielded a serotype 
1/2a isolate of Listeria monocytogenes that was biochemically 
typical in all respects, other than the reproducible lack of catalase 
production. During therapy, the patient developed oculomotor 
dysfunction that was attributed to an abscess in the internal cap- 
sule. This case report documents the existence of catalase-neg- 


ative L. monocytogenes indicating that catalase production should 
not be a strict criterion for identification of Listeria. Furthermore, 
this clinical experience extends in vitro and experimental animal 
studies indicating that catalase production is not a necessary 
virulence factor for invasion by Listeria. (Key words: Catalase: 
Listeria monocytogenes; Meningitis; Virulence) Am J Clin Pathol 
1991;96:130-133 





Listeria monocytogenes, a facultative intracellular patho- 
gen, is a recognized cause of invasive infection. Catalase 
production is one of the characteristics typically relied 
upon for separating Listeria from other morphologically 
similar bacteria.'~* Catalase, along with Superoxide dis- 
mutase, has been implicated in the pathogenicity of L. 
monocytogenes.* We describe a case of listeriosis in which 
the isolate, a catalase-negative strain, expressed marked 
pathogenicity in an immunocompetent patient, producing 
both meningitis and abscess formation. 


REPORT OF A CASE 


In July 1989, a 63-year-old woman developed an illness characterized 
by fever, chills, headache, and generalized weakness. After three days of 
self-medication with a nonsteroidal anti-inflammatory agent, she sought 
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the care of her physician, who presumptively diagnosed a urinary tract 
infection and prescribed a course of cephalexin. When the patient's 
symptoms persisted, she sought care again the next day and was admitted 
to a hospital. 

Her temperature on admission was 39.4 °C, and physical examination 
revealed no localizing findings. Except for an elevated white blood cell 
(WBC) count, routine laboratory studies were unremarkable. She was 
begun on a regimen of cephapirin 2 g IV every 6 hours. The next day 
the patient became lethargic and confused, developed nausea and vom- 
iting, and was noted to be dysarthric and to have hemiparesis of the right 
side. She continued to be febrile on the third hospital day, received gen- 
tamicin, and was transferred to the Oklahoma Medical Center. 

On arrival at our institution, the patient was restless and intermittently 
confused. She complained of headache. Her fever remained at 39.4 ?C. 
and nuchal rigidity was present. Her WBC was 24.5 x 10?/L (24,500 
cells/uL) with an increase in immature neutrophils. Chest x-ray was nor- 
mal. Computer assisted tomographic scan of the head with and without 
contrast enhancement demonstrated no mass effect or hemorrhage. 
Lumbar puncture obtained cerebrospinal fluid that contained RBC 75 
X 10°/L: WBC 3,850 x 10°/L (72% PMN); glucose 1.9 mmol/L (34 mg/ 
dL) (blood glucose was 9.9 mmol/L [179 mg/dL]), and protein 2.54 g/ 
L (245 mg/dL); Gram's stain was negative. Blood cultures (two sets em- 
ploying lysis/centrifugation and biphasic media) were obtained. Sup- 
portive therapy and a regimen of parenteral penicillin and chloram- 
phenicol were begun. 

The next day, the patient was alert and oriented, complaining of a 
stiff neck and photophobia. Growth of a catalase-negative Gram-positive 
rod from CSF was reported. Antimicrobial chemotherapy was changed 
to ampicillin 3 g IV every 4 hours and gentamicin 120 mg IV every 8 
hours. The microorganism isolated from CSF was subsequently identified 
as a Catalase-negative L. monocytogenes. 

Clinical improvement continued until the sixth hospital day, when 
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the patient was found to have photophobia, limitation of upward and 
lateral gaze, and right upper extremity weakness. Suspicion that this may 
have been due to aminoglycoside-induced neuromuscular blockade led 
to discontinuation of gentamicin therapy. Lumbar puncture was repeated, 
and all parameters were improved; Gram’s stain was negative, and culture 
remained negative. Magnetic resonance imaging (MRI) (Fig. 1A) of the 
head with gadolinium contrast enhancement demonstrated ventriculitis 
and areas of probable brain abscess i in the left optic radiation and internal 
capsule. Antimicrobial therapy was changed to a regimen of ampicillin/ 
sulbactam 3 g IV every 4 hours: 

The patient was discharged after 32 days of parenteral antimicrobial 
therapy with continuing therapy with oral amoxicillin with clavulanic 
acid. Resolution of the abscesses was documented by a repeat MRI (Fig. 
1B) approximately 10 weeks after the initial study. A spinal tap showed 
normalization of all CSF parameters. She received an additional month 
of amoxicillin/clavulanic acid therapy. Other than i improving lower ex- 
tremity weakness, no sequela from the infection have been seen on close 
follow-up through nine months after presentation. 


DISCUSSION 


Infection with L. monocytogenes in adults most com- 
monly manifests as meningitis.” 56 Sudden onset is usual, 
unlike the subacute onset in our patient. Nuchal rigidity 
and fever are common. ‘Tremors, seizures, and coma also 
may occur. CSF glucose levels are low in 40% of cases, 
blood cultures are positive in 60-70%, but CSF Gram’ S 
stains generally are negative? 

Frequently attacking. the very young and aged, L. 
monocytogenes causes. sporadic disease, especially during 
summer months. The portal of entry is thought to be the 
gastrointestinal tract. Epidemics have been linked to re- 
frigerated food. Focal infections consisting of osteomy- 
elitis, endophthalmitis, pulmonary infection, septic ar- 
thritis, and hepatic abscess rarely. occur in immunocom- 
promised hosts. The preferred treatment is a regimen of 
ampicillin. The addition of gentamicin therapy 1 may result 
in synergistic activity because of increased bacterial uptake 
ofthe aminoglycoside. ? We are unaware of data to support 
the use of beta-lactam/beta-lactamase inhibitor combi- 
nations in listeriosis. 

E monocytogenes is described asa small, Gram-posi- 
tive, pleomorphic rod that is motile at 25 ?C, beta-he- 
molytic, catalase-positive, and is a facultative anaerobe.?*’ 
The isolate from this case fulfilled these criteria, except 
for catalase production, and.also possessed the biochem- 
ical characteristics shown in Table 1. The identification 
of the organism was confirmed by the Centers for Disease 
Control (Atlanta, GA), where it was serotyped as 1/2a. 
Additional characterization in our laboratory included 
cellular fatty acid analysis, which was consistent with L. 
monocytogenes (data not shown). 

The unusual finding in this case is the lack of catalase 
production. The catalase test has been described as a way 
to differentiate L. monocytogenes from diphtheroids, 
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TABLE 1. CHARACTERISTICS or THE PATIENT’S ISOLATE 
AND THREE SPECIES OF LISTERIA 
| 
| Patients | L. L. L. 


| Isolate monocytogenes innocua ivanovii 
B-hemolysis + + 0 + 
Camp test + + 0 0 
Acid production from: 
L-arabinose 0 0 0 0 
L-rhamnose + + 0 0 
Lactose + 0* + + 
Mannitol 0 0 0 0 
Sorbitol 0 0 0 0 
Sucrose 0 0 0 0 
Voges-Proskauer T + + + 
+ + + + 


Hippurate 


* See reference 3 for data on Listerta species. 


Streptococcus species and enterococci. In Bergey's Man- 
ual of Systemic Bacteriology; Seeliger and Jones rec- 
ommend this test to differentiate Listeria from streptococci 
and Lactobacilli. ‘They note that catalase production may 
be absent because of nutrient deficiency i in the media and 
that negative strains rarely occur naturally. We are aware 
of a case of neonatal sepsis due to catalase-negative Listeria 
(also confirmed by the CDC) occurring recently (personal 
communication, Joseph M. Campos, Children’s Hospital 
National Medical Center, Washington, DC). The fre- 
quency of encountering catalase-negative clinical isolates 
may be underestimated because of under-recognition. In 
CSF smears, Listeria can be mistaken as Co mede E 
streptococci, and even Haemophilus influenzae.” Borto- 
lussi and colleagues,” suggest the use of catalase activity, 
along with Gram-stain morphology and motility, to sep- 
arate Listeria species fro | Enterococcus and group B 
streptococci. 

Noting the many similarities between L. monocytogenes 
and Streptococcus agalactiae, Kontnick and colleagues? 
reviewed the laboratory tests used to distinguish these or- 
ganisms. Twenty-six commonly used tests were used to 
compare ten beta-hemolytic strains of each organism. 
While stating that absence’ of catalase essentially rules out 
L. monocytogenes, they note that both catalase and mo- 
tility have been negative onisubcultured organisms. Other 
authoritative references. typically use a combination of 
Mu DuC to separate Listeria from seven other gen- 
era.’ However, catalase production generally i is a promi- 
nent feature, and lack of catalase activity causes divergence 
in these schemes from Listeria.” A compilation of tests 
and the usual reactions seen are presented in Table 2. 

There is not universal agreement that catalase, along 
with superoxide dismutase, contributes to the pathoge- 
nicity of this organism. Production of these enzymes may 
explain why it is able to escape the respiratory burst in 


132 CLINICAL MICROBIOLOGY 
Single Case Report 





FIG. | (left). Magnetic resonance imaging (MRI) obtained after patient exhibited focal neurological symptoms. Present are abscess in both the left 
optic radiation and the internal capsule. (right). Follow-up MRI showing resolution of abscesses. The patient was free of the limitation of upward 
and lateral gaze and the right upper extremity weakness that had prompted the initial MRI. 


monocytes and proliferate there. Investigations supporting 
a role for catalase in virulence of Listeria include that of 
Bortolussi and colleagues,* who found L. monocytogenes 
had both higher catalase activity and intracellular survival 
rates in the log phase than in the stationary phase of 
growth. Evasion of the phagocyte’s oxidative products was 
attributed to the production of both enzymes. Welch and 
co-workers"? found decreased virulence in strains with 


TABLE 2. USUAL DIFFERENTIATING CHARACTERISTICS 
BETWEEN L. MONOCYTOGENES AND OTHER GRAM 


POSITIVE ORGANISMS 
eee 


Coryne 
b. Group B Bacterium 
monocytogenes Streptococci Enterococci 
eras Pleomorphic 
Gram Stain Pleomorphic Rod Cocci Rod Cocci 
eee 
Catalase + 0 + 0 
Motility + 0 0 0 
B hemolysis B 0 t +/0 
Palisading + 0 + 0 
Hippurate hydrolysis - + 0 0 
6.5% NaCl tolerance + 0 0 + 
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no catalase activity and either decreased or increased su- 
peroxide dismutase activity. The catalase-positive strains 
survived in a medium containing superoxide radicals. 
whereas the negative variant, despite high levels of su- 
peroxide dismutase, was killed. In contrast. LeBlond- 
Francillard and associates'' developed a transposon-in- 
duced catalase-negative mutant of L. monocytogenes and 
compared it with the catalase-positive parent strain. No 
difference in either the LDso of mice or the recovery of 
Listeria from liver and spleen was seen with the mutant 
compared with the parent strain. Despite the controversy 
as to whether or not catalase production in L. monocy- 
togenes contributes to its virulence in experimental sys- 
tems, a catalase-negative strain produced meningitis and 
cerebral abscesses in our patient. The virulence of this 
organism is readily apparent in this case, and awareness. 
especially among laboratorians, of catalase-negative Lis- 
teria is important for proper diagnosis and therapy. 
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Neural Network Analysis of Serial 
Cardiac Enzyme Data 
A Clinical Application of Artificial Machine Intelligence 


JAMES W. FURLONG, M.D.,' MILTON E. DUPUY, M.D.,? 
AND JAMES A. HEINSIMER, M.D.??4 


There has been a recent resurgence of interest in the study and 
application of computerized neural networks within the broad 
field of artificial intelligence. These “intelligent machines" are 
modeled after biological nervous systems and are fundamentally 
different from the many computerized expert systems that pre- 
viously have been introduced as clinical decision-making aids. 
The authors describe a neural network designed and trained to 
predict the probability of acute myocardial infarction (AMI) 
based on the analysis of paired sets of cardiac enzymes. The 
neural network predicted 24 of 24 (100%) AMIs and 27 of 29 
(93%) No-AMIs when compared with a pathologist's interpre- 
tation of the patient's laboratory data (P — 0.000001). The au- 
thors attempted to validate the network's diagnoses by two in- 


dependent methods. When compared with echocardiogram and 
EKG for diagnosis of AMI, the neural network agreed with the 
cardiologist's interpretation in 12 of 14 (86%) AMIs and 1 of 3 
(33%) No-AMIs, but the correlation was not statistically sig- 
nificant. Using autopsy outcome for validation, the neural net- 
work agreed with the anatomic evidence in 24 of 26 (92%) AMIs 
and 4 of 6 (67%) No-AMISs (P = 0.001). The authors conclude 
that neural networks can be successfully applied to the analysis 
of cardiac enzyme data and suggest that broader applications 
exist within the domain of clinical decision support. (Key words: 
Neural network; Artificial intelligence; Computers; Computer- 
assisted diagnosis; Myocardial infarction) Am J Clin Pathol 
1991;96:134-141 





Intelligent decision making involves the application of 
previous knowledge to the analysis of new data to arrive 
at a reasonable solution to a problem. The field of artificial 
intelligence attempts to implement this complex process 
using a nonbiological substrate, such as a computer. In- 
telligent machines of this sort may be useful in circum- 
stances where an on-site expert is not immediately avail- 
able, such as in remote locations or in critical situations 
where a decision must be made and acted upon imme- 
diately. In clinical medicine, artificial intelligence has not 
enjoyed widespread application, despite the prevalence of 
such critical situations and the often limited previous 
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knowledge base on which those in attendance must act. 
We describe here an artificial intelligence program that 
has been trained to recognize acute myocardial infarction 
(AMI) by serial cardiac enzyme values. 

Various applications of artificial intelligence to clinical 
decision support have been reported.!~4 Realizing that the 
diagnosis of AMI frequently is a matter of pattern rec- 
ognition, we have applied neural network technology to 
the task, adopting a fundamentally different approach 
than traditionally has been used.? 

The majority of artificial intelligence programs available 
in clinical medicine make use of an algorithmic process 
for decision making.°* In the simplest approach, an expert 
clinician's knowledge on a particular problem is distilled 
to a hierarchy of facts and rules. A knowledge engineer 
designs an inference engine that selectively invokes the 
rules necessary to distinguish between likely interpreta- 
tions of the facts known to exist in a particular clinical 
situation. Rule-based expert systems of this sort are dif- 
ficult to create and maintain and have a tendency to be 
rather inflexible in their approach to a problem. They 
often require the user to provide answers that are not 
available before a particular node in the decision tree can 


Neural Network Analysis of Cardiac Enzyme Data 


FURLONG, DUPUY, AND HEINSIMER 135 
| 
| 


. be traversed during the course of an analysis. As a refine- 
ment on this method, some programs make use of a core 
knowledge base of pathophysiologic causal relationships 
that are used to supplement an algorithm that matches 
the patient’s clinical information to a second knowledge 
base of disease profiles. These programs must be capable 
of resolving competing hypotheses that would explain a 
patient’s condition, and often are confounded by varia- 
tions in the clinical presentation of disease or the presence 
of multiple diseases.’ 

Neural networks are intelligent machines that are fun- 
damentally different from rule-based or causally related 
expert systems. They are hardware or software emulations 
of biological nervous systems, formed by many intercon- 
nected artificial neurons. The artificial neurons are mod- 
eled after biological neurons, receiving excitatory or in- 
hibitory synaptic input from a previous layer of neurons, 
summing the resulting signals, and firing output to the 
next layer of neurons (Fig: 1). Because the neural synapses 
are algebraically weighted, each neuron, in effect, performs 
a discriminant function analysis on its input. Because the 
output of the neuron will vary according to its level of 
excitation, it may or may not contribute to the input on 
the next layer of neurons. This “on/off” neuronal di- 
chotomy provides that different discriminant functions 
may be applied to different problems and results in tre- 
mendous flexibility in problem solving at a level that is 
not easily achieved in purely rule-based systems. This also 
characteristically allows the neural network to perform 
well in tasks of pattern recognition but only at the expense 
of mathematical exactness. (In a financial institution, for 
example, a trained neural network would be well suited 
- to evaluate the likelihood that an applicant would default 
on a loan but would do poorly at calculating an amorti- 
zation schedule for repayment of that same loan). 





Transfer 
Function 


xn? 


Fic. 1. Schematic representation of the artificial neuron. Afferent vectors 
(x) representing the output from a previous layer of neurons are alge- 
braically weighted (w) and summed. A mathematical transfer function 
(f[sum]) is applied to the sum to determine the strength and/or frequency 
of neuron efferent firing (out). 
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Other unusual attributes of neural networks include 
their ability to perform successfully in situations in which 
some of the data (or even some of the neurons) may be 
missing. In these situations, which generally would be fatal 
to rule-based expert systems, massive parallelism imparts 
a high degree of fault tolerance and allows the neural net- 
work to arrive-at reasonable solutions via alternate neural 
pathways.!? The functional | similarities to a biological 
nervous system often are striking. 

Like biological systems, but unlike rule-based expert 
systems, the neural network must first be trained to per- 
form well. On designing the network, each value of input 
data generally is assigned to a different neuron on the 
"input layer." One or more "hidden layers” of neurons 
are created, along with an “output layer." The output 
layer may consist of a single neuron, most useful for pro- 
ducing a single yes/no or graduated probability response! ' 
or it may consist of many süch neurons and be capable 
of much better resolution in|its analyses. Upon creation, 
neurons from one layer generally are synapsed to neurons 
of the subsequent layer. The synapses often are assigned 
random excitatory or inhibitory algebraic weighting fac- 
tors. Because of this, in its initial configuration, the net- 
work possesses no machine intelligence. The network is 
educated by presenting it with an extensive "training set" 
of data containing both input values and expected solu- 
tions for each type of problem that the network is being 
trained to analyze. The resulting signals on the output 
layer are compared with the expected values in the training 
set, and the weighting factors|on each synapse are adjusted 
accordingly to minimize the difference between the neural 
network’s calculated solution and the expected solution. 
By multiple iterations: through the training set, synaptic 
weighting factors eventually are refined, such that the net- 
work arrives within a defined tolerance limit of the ex- 
pected solution for each problem in the set. In so doing, 
certain neural connections become noncontributory to 
the solution, whereas others are strongly reinforced. Ul- 
timately the “intelligence”’ of the network resides within 
the matrix of synaptic weighting factors. In practice, the 
trained network uses this matrix of previous experience 
to calculate solutions to new problems that are similar to 
those it has seen before. 

Recognizing that this methodology may have broad 
application in clinical medicine, we undertook an eval- 
uation of neural network technology in an area of some 
practical importance. Our specific objective was not to 
develop a computerized diagnostician, but rather to de- 
termine if neural network methods, when applied to the 
analysis of serial cardiac enzymes for the diagnosis of acute 
myocardial infarction, could correlate favorably with ex- 


pert human analysis. 
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TABLE — CRITERIA FOR DIAGNOSIS OF AMI 


A. Serum cardiac enzymes 
il. A serial rise and/or fall in CK and 
2. At least 1 sample with CK-MB > 4% and CK-BB « CK-MB 
or 
1. Significantly elevated LDH with serial rise and 
2. At least | sample with LDH-1 > LDH-2. 
B. Echocardiogram/electrocardiogram 
1. ECHO |showing definite focal wall motion abnormality 
or 
2. EKG showing definite Q waves meeting the Minnesota Criteria 
with or| without associated ST-T wave changes 


MATERIALS AND METHODS 


The m was performed retrospectively in three 
phases. Phase 1 included neural network design and de- 
velopment of an appropriate training set. The data chosen 
for analysis included two identical serum cardiac enzyme 
(CE) panels, together with a time interval representing the 
elapsed hours between the two panels. The CE panel in- 
cluded creatine phosphokinase (CK), CK-MM (95), CK- 
MB (%), CK-BB (%), lactate dehydrogenase (LDH), LDH- 
1 (%), LDH-2 (%), LDH-3 (%), LDH-4 (%) and LDH-S 
(%). All isoenzyme determinations were performed by 
agarose gel electrophoresis with densitometry. Over a ten- 
week period, 875 consecutive CE panels were reviewed 
to choose representative cases for the training set. Of these, 
152 panels representing serial determinations from 47 pa- 
tients ee as diagnostic by virtue of serial CE 
alone, including 30 patients with AMI and 17 patients 
without AMI (No-AMI). Criteria for CE diagnosis are 
listed in Table 1. Paired permutations of the serial values 


% CKMN-1 
% CKMB-1 
% CKBB-1 
Tot LDH-1 

% LDH1-1 

96 LDH2-1 | 
96 LDH3-1 
96 LDH4-1 
96 LDH5-1 
Tot CK-2 

96 CKMM-2 
96 CKMB-2 
96 CKBB-2 | 
Tot LDH-2 
96 LDH1-2 
96 LDH2-2 
96 LDH3-2 
96 LDH4-2 
% LDH5-2 | 
Delta Hours 


Tot CK-1 
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for each patient were then generated to expand the training 
set. Patients having three CE panels, for instance, would 
produce three paired CE sets (Panel-1:Panel-2, Panel-1: 
Panel-3, Panel-2:Panel-3), each with a different time in- 
terval between sets. Of the 239 paired CE sets thus gen- 
erated, we limited analysis to those with a time interval 
between the two panels of 48 hours or less because this 
subset showed a sufficiently dynamic range of changing 
patterns that was not enhanced over longer time intervals. 
The final training set contained 185 such paired CE sets. 

The network emulator chosen was Brainmaker 1.7 
(California Scientific Software, Sierra Madre, CA). The 
network design included 21 input neurons representing 
the paired CE set data and the time interval in hours. This 
propagated to 11 neurons in a single hidden layer. Finally, 
a single neuron formed the output layer, producing a nor- 
malized value (0-1) interpreted as the probability of AMI 
(Fig. 2). To prevent any single neuron from too rapidly 
becoming saturated above its excitational threshold, and 
to impart a wider dynamic range to the system, each neu- 
ron was given a sigmoidal rather than step-wise or linear 
transfer function. 

The matrix of synaptic weighting factors for the training 
set was calculated using a back-propagation, supervised 
learning algorithm. Training occurred under MS-DOS 3.2 
on an IBM compatible 80386-based desk-top microcom- 
puter with 2 Mbyte of RAM. More than 20,000 iterations 
through the entire training set were required to achieve a 
1096 error tolerance. With a 16 MHz microprocessor clock 
speed, the network training was completed within ap- 
proximately four hours. 


Fic. 2. Neural network architecture. Twenty- 
one neurons representing serial cardiac en- 
zyme values form the input layer (/efi). Each 
input neuron is synapsed to 11 neurons, 
forming a single hidden layer (center). Each 
idden layer neuron, in turn, stimulates a 
single neuron in the output layer (right), pro- 
ducing a normalized value interpreted as the 
probability of acute myocardial infarction. 
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In Phase II of the study, we tested the trained neural 
network by having it analyze 53 new paired CE sets, ab- 
stracted from consecutive CE determinations collected 
over a three-week interval. These data were collected ret- 
rospectively in the same manner as the training set and 
represented serial CE panels from ten patients with AMI 
and eight patients with No-AMI. The patients chosen for 
testing were excluded from the training set to guarantee 
that the network was tested naively. Unlike the process 
of supervised learning used to educate the network, testing 
involved only a single pass of each paired CE set through 
the trained network and was quite fast. For that reason, 
testing was performed on a 6 MHz IBM AT microcom- 
puter with 512 Kbyte RAM under IBM-DOS 3.2, and 
required less than | second to analyze all 53 data sets in 
a batch mode. Because the network was trained to a 10% 
error tolerance, output probabilities of less than 0.1 were 
interpreted as No-AMI, probabilities of 0.9 or greater were 
interpreted as AMI, and all intermediate values were in- 
terpreted as indeterminate by network analysis. The net- 
work’s interpretation for each paired CE set was then 
compared to the pathologist’s interpretation for all CE 
panels from the same patient. 

In Phase III of the study, we attempted to validate the 
trained neural network’s analysis using independent 
methods of diagnosing AMI. Because the network was 
trained only to analyze cardiac enzymes, it was necessary 
to see if the network were truly successful at diagnosing 
AMI, or if it were successful only at recognizing the CE 
patterns that it had been taught were associated with AMI. 
To this end, we evaluated echocardiogram and EKG 
(ECHO/EKG) data, as well as autopsy material. 

Retrospective serial CE determinations were available 
on nine patients who underwent one or more ECHO/ 
EKG studies within two days of the first CE panel. The 
ECHO/EKG data were reviewed in a blinded fashion by 
a cardiologist (JH) with no knowledge of clinical history, 
CE values, or the neural networks analysis. Prior echo- 
cardiograms and electrocardiograms were evaluated where 
available. If serial studies were unavailable, ECHO/EKG 
changes that represented old myocardial infarction could 
not be distinguished from acute infarction and were, 
therefore, attributed to acute infarction. The criteria used 
for ECHO/EKG diagnosis of AMI are listed in Table 1. 
For each case, the cardiologist ranked the probability of 
AMI from 0 to 1. Because the resulting wide range of 
probabilities included more indeterminate values (by net- 
work training standards: 0.1 < output < 0.9) than diag- 
nostic values, the data were transformed, assigning a 
probability of 0.5 or greater to the AMI category and less 
than 0.5 to the No-AMI category. This resulted in a di- 
agnosis of AMI in seven patients and No-AMI in the re- 


maining two. A total of 17 paired CE sets were available 
for neural network analysis from these 9 patients. The 
network’s assessment on each of these was compared to 
the cardiologist’s ECHO/EKG diagnosis on the same pa- 
tient. 

The second and final validation step was a retrospective 
review of autopsy material. Three hundred fifty-one con- 
secutive autopsy records were reviewed to find 150 cases 
in which the postmortem examination of the heart in- 
cluded a sufficiently detailed gross description and enough 
microscopic sections to definitely. diagnose or exclude 
AMI. The last hospital admission records were reviewed 
for these cases, and CE data were abstracted. Of these, 22 
patients were found having two or more complete CE 
panels obtained within a 48-hour time interval near death 
and who, therefore, were eligible for neural network anal- 
ysis. A total of 32 paired CE sets were available from these 
patients. Hematoxylin and eosin-stained glass slides were 
reviewed from each case, and additional hematoxylin-ba- 
sic fuchsin-picric acid (HBFP)-stained slides were pre- 
pared on cases that showed no myofibrillar necrosis, in- 
terstitial hemorrhage, or leukocytic infiltration to exclude 
early myocardial ischemic damage.'* The age of an in- 
farction was estimated by the criteria of Mallory and col- 
leagues.'? Based on this and the dates of CE determina- 
tions and death, the diagnosis of AMI was assigned in 
cases in which the age of the most recent component of 
an infarction was estimated to be within about one week 
of the second CE panel. Cases in which there was no in- 
farction or the age of infarction was estimated to be greater 
than about 1-2 weeks were included in the No-AMI di- 
agnosis category. Using these criteria, 17 patients were 
assigned to the AMI category and 5 to the No-AMI cat- 
egory. These anatomic diagnoses were compared to the 
neural network's diagnosis for each paired CE set. 

Nonparametric statistical tests of correlation were used 
to compare the neural network's diagnosis for each paired 
CE set with the expert's diagnoses. Because the network's 
output (a continuous variable between 0 and 1) was being 
compared to a dichotomous variable (0 or 1) representing 
the expert's interpretation of the CE or autopsy data, a 
point-biserial correlation test was used. For the ECHO/ 
EKG data, for which paired continuous variables were 
compared, the Spearman rank correlation test was used. 
The level of significance was 0.01. 


RESULTS 


Results are summarized in Table 2. The trained neural 
network diagnosed AMI in 24/24 (100%) paired CE sets 
that were positive for AMI by expert CE criteria and No- 
AMI in 27/29 (93%) sets that were negative for AMI by 
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TABLE 2. SUMMARY OF NEURAI. NETWORK'S 
DIAGNOSES, COMPARED WITH PATHOLOGIST'S 
INTERPRETATION OF CARDIAC ENZYME DATA (CE), 
CARDIOLOGIST'S INTERPRETATION OF 
ECHOCARDIOGRAM AND EKG DATA, 

AND REVIEW OF AUTOPSY SLIDES 





No. of 
Expert's Patients/ Correct Indeterminate Incorrect 
Data Set No. of CE Sets Diagnoses Diagnoses Diagnoses 
CE 18/53 51 2 0 
ECHO/EKG 9/17 13 | 3 
Autopsy 22/32 28 3 | 


the same criteria. Only 2 of the 53 total paired CE sets 
produced an indeterminate probability (0.1 < output 
« 0.9), and both of these were from No-AMI cases. The 
network's diagnoses correlated significantly with the ex- 
pert's CE interpretations (P « 0.000001, Fig. 3). The dis- 
tribution of the network's output probabilities for each 
group was narrow. For the expert AMI group, the mean 
and standard deviation were 0.998 and 0.003, respectively. 
When excluding the two sets that produced indeterminate 
probabilities from the expert No-AMI group, the mean 
and standard deviation were 0.021 and 0.023, respectively. 

The network diagnosed AMI in 12/14 (86%) paired CE 
sets from patients who met ECHO/EKG criteria for AMI 
and diagnosed No-AMI in 1/3 (33%) sets from patients 
judged negative for AMI by ECHO/EKG criteria. One 
paired CE set from a patient judged negative by ECHO/ 
EKG was misdiagnosed as AMI by the network, with a 
probability of 0.999. This patient showed a mild elevation 
of total CK (286—319 U/L) with persistently elevated 
CKMB (13% — 12%) and no LDH isoenzyme "flip." The 
network diagnosed two paired CE sets from a single 
ECHO/EKG AMI patient as No-AMI, assigning a prob- 
ability of AMI at 0.005 and 0.002. Although the CE data 








a a a 


FiG. 3. Comparison of neural network analvsis of paired serum cardiac 
enzymes (Network) with pathologist's interpretation of all cardiac en- 
zymes from the same patients (CE). 


were not suggestive of AMI, the patient had a past history 
of multiple myocardial infarctions with dilated cardio- 
myopathv and chronic atrial fibrillation, rendering the 
diagnostic value of echocardiogram for AMI low. One 
additional paired CE set from an ECHO/EKG No-AMI 
patient produced an indeterminate probability. The net- 
work's diagnoses did not significantly correlate with the 
expert's ECHO/EKG interpretation (P = 0.736, Fig. 4). 

When evaluating data from the autopsy cases, the net- 
work correctly diagnosed AMI in 24/26 (92%) paired CE 
sets from patients with anatomic evidence of AMI. The 
network correctly diagnosed No-AMI in 4/6 (6795) paired 
CE sets from patients lacking anatomic evidence of AMI. 
Three paired CE sets gave indeterminate results, including 
two patients with AMI and one patient with No-AMI. 
The network misdiagnosed AMI in the only paired CE 
set from one patient. assigning a probability of AMI at 
0.990. Interestingly, this patient died from complications 
of idiopathic systemic amyloidosis. At autopsy, her heart 
showed perivascular amyloid deposits, with severe patchy 
fibrosis and ischemic changes, but no acute myocardial 
necrosis, hemorrhage, or leukocytic infiltration (Fig. 5). 
The network’s diagnoses correlated significantly with the 
autopsy findings (P = 0.001, Fig. 6). 


DISCUSSION 


We have demonstrated the successful application of 
artificial machine intelligence, using a back-propagation 
neural network, to a common problem in clinical medi- 
cine. In so doing, several important observations emerged. 
First, and most importantly, the neural network’s solu- 
tions to a clinical problem agreed with the solutions of 
the human expert to a strikingly high degree. At first 
glance, that may not seem significant because the net- 
work’s interpretation of CEs was compared to the inter- 








FIG. 4. Comparison of neural network analysis of paired serum cardiac 
enzymes (Network) with cardiologist’s interpretation of echocardiographic 
and EKG data from the same patients (ECHO/EKG). 
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FIG. 5. Histology of myocardium in a patient who died of systemic amyloidosis, representing the single false-positive diagnosis made 
network among 32 autopsy cases studied. 4. Hematoxylin and eosin section shows patchy myocardial ischemic damage without evider 





by the neura 
ce of acute 


infarction. B. Polarization microscopy of congo red stained section confirms the presence of amyloid protein surrounding blood vessels and individua 


myocardial fibers. Original magnification X 100. 


pretation of the same expert who designed the network. 
It is important to remember, however, that the expert did 
not program a series of interpretive rules into the network. 


-—————— 2 





FiG. 6. Comparison of neural network analysis of paired serum cardiac 
enzymes (Network) with histologic interpretation of the heart in the 
same patients at subsequent autopsy (Autopsy). 


The network programmed itself by adjusting weighting 
factors until its output matched the expert most closelv. 
The fact that the expert and the network agreed so fre- 
quently on the test set data is a testament to the success 
of the neural network model and says nothing about the 
diagnostic accuracy of either the network or the expert. 
The second important observation 1s that the neural 
network was generally quite “confident” of its solutions. 
arriving at probabilities that were well within the 10% 
tolerance limits required to complete training. [his is ev- 
ident from the distribution of output probabilities, aver 
aging 0.998 for the AMI group and 0.021 for the No-AMI 
group. This is partly due to the nature of the cases chosen 
for training. The training set deliberately consisted mostly 
of fairly straightforward examples and avoided cases 1n 
which the expert interpreting the cardiac enzymes could 
not be certain of the diagnosis. It did. however, contain 
examples that could “fool” casual analysts. including 
massive skeletal muscle injury, cerebral infarction. 
congestive heart failure, and pulmonary infarction. How- 
ever, some examples of the same sort were included in 
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the test set, and the network was able to distinguish AMI 
from these other situations. 

It is noteworthy that only 4% of paired CE sets in the 
test group produced indeterminate results, and that there 
were no misdiagnoses in the group. Analysis of the in- 
determinate cases highlights the network’s “thought pro- 
cess" (Table 3). In one paired CE set, the total CK re- 
mained less than 50 U/L for both samples drawn 24 hours 
apart, but the LDH rose from 1,430 to 1,576 U/L, with 
LDH1 = LDH2 = 29% for the second sample. While this 
did not meet the expert's criteria for AMI, the network 
assigned a 0.887 probability of AMI to the case. The other 
indeterminate result involved a persistently low total CK 
with 100% MM, but a slight rise in total LDH from a 
baseline elevation of 607 to 842 U/L, along with a rise in 
LDHI from 25% to 29%. The network calculated the 
probability of AMI at 0.110 for this case. 

In addition to correlating with the expert's interpreta- 
tion of the CE data and showing an overall confidence in 
its analyses, the neural network produced diagnoses that 
generally were correct as judged by two different methods 
of independent validation. The choice of ECHO/EKG as 
a means of validation was dictated by the retrospective 
nature of the project because this combination of tests 
was available most frequently for the patients studied. 
However, it is interesting to note that the network pro- 


TABLE 3. REPRESENTATIVE EXAMPLES OF INPUT 
NEURON VECTORS AND RESULTING OUTPUT 











Test Example 1 Example 2 Example 3 Example 4 
Total CK-1 728 49 20 45 
% CKMM-I 89 100 100 100 
% CKMB-I 1 | 0 0 0 
% CKBB-1 0 0 0 0 
Total LDH-1 635 1.430 607 722 
% LDHI-1 36 32 25 16 
% LDH2-1 31 33 33 26 
% LDH3-1 17 18 22 23 
% LDH4-1 8 7 10 12 
% LDHS5-1 8 10 10 23 
Total CK-2 2.662 37 35 40 
9; CKMM-2 88 100 100 100 
% CKMB-2 12 0 0 0 
% CKBB-2 0 0 0 0 
Total LDH-2 1.373 1.576 842 540 
% LDHI1-2 42 29 29 18 
% LDH2-2 28 29 35 28 
% LDH3-2 13 18 19 24 
% LDH4-2 7 10 9 11 
% LDH5-2 10 14 8 19 
A hours 7.4 VE NI 36.5 7.8 
Network 0.999 0.887 0.110 0.000 
Expert l 0 0 0 
Examples 2 and 3 represent the only paired CE sets for which the network calculated indeterminate 
probabilities. 
A hours - time interval in hours between paired CE sets. 
Network = Neural network's assessment of CE data shown, representing probability of AMI: 
Expert = human expert's assessment of all CE data from same patient (1 = AMI; 0 = No-AMI). 


Total CK and LDH values expressed as U/L. 


duced a much tighter clustering of probabilities 1 
AMI and No-AMI groups than did the expert's int 
tation of the ECHO/EKG data. This highlights $ 
important limitations in the study design. Most i 
tantly, ECHO/EKG data were available for only a 
the patients included in the study set. Furthermo 
cause the data were collected retrospectively, the c 
of the ECHO/EKG data in some cases was margin 
attempted to correct for this by arbitrarily using a 
probability of 0.5 for what the cardiologist conside: 
agnostic of AMI. Because the echocardiogram cann 
tinguish the ventricular wall motion defects seen 
AMI from those of a healed infarction, the ECHO 
data were more likely to produce false-positive dia; 
of AMI. 

Finally, the population of patients who unde 
ECHO/EKG studies may have been biased becau 
echocardiogram would be more likely to be orde 
cases in which the cardiac enzymes or EKG divergec 
the clinical impression. In fact, the network's thre 
diagnoses, which occurred in the ECHO/EKG į 
would have been misdiagnosed by the expert's crite 
CE interpretation. This finding diminishes the impo 
of the poor statistical correlation between the cardiol 
predicted probability of AMI based on the ECHO, 
data and the neural network's probability based on 
CEs. It also serves to highlight the question of which 
aside from serial CEs, should be considered diagnos 
AMI in the living patient. 

Autopsy material was reviewed, with the assum 
that the results represented the “gold standard" f 
agnosis of AMI. Only one misdiagnosis occurred 
autopsy group. One patient showed a total CK 
dropped from 1,110 to 772 U/L over a 48-hour int 
accompanied by a persistent 2% CKMB fraction, - 
total LDH that rose slightly from 264 to 280 U/L 
neural network misdiagnosed this as AMI, with a 
probability. The autopsy showed systemic amylo 
with severe myocardial involvement, resulting in 
cardial ischemia (fuchsinorrhagia) but no infarction 
network may have been “fooled” into a misdiagno 
the declining total CK, which was not mirrored by 
cline in the CKMB fraction, but its exact reason: 
obscure. 

This highlights a rather fundamental limitatic 
neural networks. Unlike most rule-based systems, \ 
allow the user to review the logic leading to a parti 
solution, neural networks cannot easily “explain” 
reasoning. At best, the user can review various neu 
weighting factors and connections. However, the : 
tectural complexity of even simple networks makes 
ficult to track an input vector beyond more than as 
hidden layer of neurons. While this deficiency shouk 
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vent a clinician’s blind acceptance of a neural network’s 
solution to a medical problem, it should not limit the 
network’s utility within certain domains of problem 
solving. 

To date, neural network applications in clinical med- 
icine have been limited but, nonetheless, have been im- 
pressive. ^^!" The present level of technology would sup- 
port neural network analysis of patient data related to a 
particular disease or, possibly, a family of diseases within 
one organ system. Hybrid designs, using expert systems 
to locate the disease or organ system of interest followed 
by neural network analysis of that small subset of the 
relevant patient data, are practical with existing tech- 
nology. '® 

In this study we have demonstrated that a fairly simple 
neural network can be successfully trained to analyze serial 
CE data. The network’s analyses agreed with those of an 
independent expert and were validated as diagnostically 
correct by autopsy. The application of neural network 
data analysis to other clinical tests may prove to be a 
useful diagnostic adjunct to traditional methods, either 
as stand-alone modules or as hybrids within larger expert 
systems. 
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CLINICAL CHEMISTRY .— 
Original Article 


The Opacity of Portal Hypertension-Related 
Ascites Correlates with the Fluid’s 
Triglyceride Concentration 


BRUCE A. RUNYON, M.D., EVANGELOS A. AKRIVIADIS, M.D., 
AND ANTHONY J. KEYSER, PH.D. 


To determine if an elevated triglyceride concentration can explain 
the opacity of some cirrhotic ascites specimens, the authors 
measured triglyceride concentration by Coulter DACOS? (Hi- 
aleah, FL) on 133 paired serum and ascitic fluid specimens. The 
specimens were categorized as clear or cloudy by coded visual 
inspection. In addition, the ascitic fluid specimens were inspected 
for a lipid supernatant after 48 hours of refrigeration at 4 °C. 
The ascitic fluid triglyceride concentration of the 87 clear spec- 
imens was 1.9 + 1.0 mmol/L compared with 7.0 + 4.6 mmol/L 


It is well known that the opacity of chylous ascites is due 
to a markedly elevated triglyceride concentration.'^ The 
explanation for the cloudiness of some cirrhotic ascites 
specimens that are acellular, but not frankly chylous, is 
unknown. The observation that the triglyceride concen- 
tration of some of these *opalescent" specimens is elevated 
prompted this study to determine if the explanation of 
the cloudiness of a large number of these specimens is 
elevated triglyceride concentration. 


MATERIALS AND METHODS 


Simultaneous ascitic fluid and serum specimens were 
obtained from patients admitted to the University of 
Southern California Liver Unit at Rancho Los Amigos 
Medical Center. Ascitic fluid was tested in the routine 
fashion for cell count, differential, and albumin concen- 
tration.^? Cirrhotic (portal hypertension-related) ascites 
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for the opalescent specimens (P < 0.001). Only 17% of the clear 
specimens demonstrated any lipid layer after refrigeration, com- 
pared with 94% of opalescent specimens (P < 0.001). The tri- 
glyceride concentrations were not significantly different between 
the serum samples obtained from patients with clear compared 
with opalescent ascites. The opacity of portal hypertension-re- 
lated ascites appears to be related to the triglyceride concentra- 
tion of the fluid. (Key words: Ascitic fluid; Opalescent ascites) 
Am J Clin Pathol 1991;96:142-143 


was diagnosed when the serum-ascitic fluid albumin con- 
centration gradient was —11 g/L and there was clinical 
evidence of chronic parenchymal liver disease."? Serum 
and ascitic fluid triglyceride concentration were measured 
on the Coulter DACOS?” (Hialeah, FL) using a colorimetric 
enzymatic method. Ascitic fluid also was inspected vi- 
sually in glass tubes in a coded fashion and categorized 
as “clear” or “cloudy” (i.e., opalescent) based on the ability 
ofthe inspector to read print through the fluid. In addition, 
fluid samples were placed in a refrigerator in glass tubes 
at 4 °C for 48 hours, and the fluid was inspected for the 
presence of a lipid layer. 


RESULTS 


One hundred thirty-three paired serum and ascitic fluid 
specimens were tested. The mean triglyceride concentra- 
tion of the 87 clear cirrhotic ascites specimens was 1.9 
+ 1.0 mmol/L, compared with a value of 7.0 + 4.6 mmol/ 
L for the 46 cloudy specimens. This difference in triglyc- 
eride concentration was significant (P « 0.001). This dif- 
ference did not appear to be explained by a difference in 
serum triglyceride concentration (mean serum triglyceride 
in patients with clear cirrhotic ascites = 9.7 + 5.6 mmol/ 
L, serum triglyceride of patients with cloudy ascites 10.7 
+ 5.5 mmol/L, P > 0.1). 


RUNYON, AKRIVIADIS, AND KEYSER 143 
Triglyceride Concentration in Ascites 


Fifteen (17%) of the 87 clear cirrhotic ascites specimens 
developed a lipid layer upon refrigeration. This was sig- 
nificantly different compared with the 43 (94%) of 46 
cloudy specimens that demonstrated a lipid layer (P 
< 0.001). 


DISCUSSION 


The cloudiness of many ascitic fluid specimens is ex- 
plained by an elevated white blood cell count, as in spon- 
taneous bacterial peritonitis. However, a substantial 
number of specimens have normal cell counts but are 
cloudy. This study demonstrates that the opacity of such 
specimens is largely explained by an elevated triglyceride 
concentration. 
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CORRESPONDENCE AND CORRECTIONS 


Effect of Fixatives and Fixation 
Times on Tissues 


To the Editor:—Greer and colleagues 
compared the effects of various fixatives 
and fixation times on the polymerase 
chain reaction-mediated amplification of 
DNA obtained from paraffin-embedded 
tissues.! They reported better results in 
tissues fixed in formaldehyde than those 
fixed in coagulating fixatives. Their results 
differ from those of previous workers who 
reported that alcohol-based fixatives are 
better than formaldehyde for the preser- 
vation of nucleic acids.^^ Furthermore, 
others have reported that the quality of 
extractable DNA and RNA is inversely 
proportional to the duration of formal- 
dehyde fixation.” 

It is noteworthy that Greer and col- 
leagues found that the best amplification 
was observed on samples “fixed” in form- 
aldehyde for only 1 or 4 hours. 

The disparity of Greer’s findings with 
those of previous researchers may be ex- 
plained by critically considering the ex- 
perimental design used by Greer and col- 
leagues, in light of what is known about 
the chemistry of formaldehyde fixation. 
When formaldehyde is dissolved in water, 
it quickly hydrates to methylene glycol, a 
nonfixative, and only a small fraction 
(0.1%) of the dissolved formaldehyde re- 
mains as free formaldehyde, available to 
bind with aminoacids. As the scant avail- 
able free aldehyde binds with tissue com- 
ponents, room is freed for additional 
methylene glycol molecules to dehydrate 
and release free formaldehyde, which tn 
turn binds to more tissue components, 
and so on. This reaction, known to chem- 
ists as a "clock reaction," is slow and re- 
quires 24 to 48 hours to be complete.® 

It follows therefore, that the tissues ex- 
posed to formaldehyde for | to 4 hours in 
Greer’s study were incompletely fixed by 
the aldehyde. Fixation, rather, was largely 
provided by the alcohol used after the brief 
formalin exposure. 

It is thus possible to reconcile the ap- 
parent difference between the results of 
Greer and co-workers and those of pre- 
vious workers. In their study Greer and 
colleagues compared tissues exposed to 
formaldehyde for periods of 1, 4, and 24 
hours, with tissues fixed for the same pe- 
riod of time in other fixatives, including 
alcohol-based fixatives. The best results 


were obtained in tissues exposed to for- 
malin for 1 to 4 hours and some deteri- 
oration was already evident at 24 hours. 
Thus I believe that Greer's best results 
were obtained in tissues essentially fixed 
in alcohol, and thus are in agreement with 
those of previous workers who compared 
formaldehyde with alcohol fixation.^* 
Parenthetically, ethanol alone should have 
been the appropriate control in the Greer 
study. 

Additional support for my interpreta- 
tion is provided by Greer and her col- 
leagues (note added in print), when she 
states "preliminary studies suggest that 
OmniFix (American Histology Reagent 
Co., Stockton, CA) may be superior to 
10% neutral buffered formalin for subse- 
quent amplification of paraffin-embedded 
tissues," because OmniFix does not con- 
tain aldehydes and is essentially an alco- 
hol-based fixative. 

In addition, it is important to empha- 
size that fixation times of | to 4 hours in 
formaldehyde are unrealistic and practi- 
cally never used in the diagnostic histology 
laboratory. Furthermore, it is not uncom- 
mon to exceed the 24-hour fixation time 
(weekends, large specimens, and so on). 
Such prolonged exposures to formalde- 
hyde are not only harmful to antigenic 
sites? but may also yield poorly preserved 
DNA and RNA.*” In contrast, prolonged 
immersion of tissues in ethanol followed 
by paraffin embedding does not seem to 
noticeably damage proteins, DNA, and 
RNA.??? Thus, plain ethanol may be a 
more appropriate fixative for DNA/RNA 
amplification studies. 

] agree with Greer and associates that 
*a thorough review of the documentation 
regarding the processing of each sample 
when designing large retrospective stud- 
ies” would be most useful. Unfortunately, 
most pathology laboratories have not ob- 
served strict control over fixation time, 
and few laboratories would be in a posi- 
tion to produce adequate documentation 
of this nature. Thus, Greer and co-work- 
ers’ recommendation that a pilot study to 
evaluate the preservation of DNA on ar- 
chival material be carried out before em- 
barking on large retrospective studies is 
sound and practical advice. 

For prospective studies, however, cur- 
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rent evidence suggests that no single fix- 
ative is ideal for the preservation of a wide 
range of molecules. It would then appear 
prudent, until a hypothetical universal 
fixative is developed, to fix tissues rou- 
tinely in formaldehyde for periods not ex- 
ceeding 24 hours, with an aliquot fixed in 
a mild coagulating fixative such as abso- 
lute ethanol, or OmniFix. Even better, a 
representative sample should be stored 
frozen at —70?C. This approach, which is 
routine in our laboratory, ensures the best 
possible preservation of morphologic de- 
tail, antigens, and nucleic acids. 


HECTOR BATTIFORA, M.D. 
City of Hope National Medical Center 
Duarte, California 
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CORRESPONDENCE AND CORRECTIONS 


The Authors’ Reply 


To the Editor:—To reiterate, the pur- 
pose of our study of paraffin-embedded 
tissue sections was to evaluate several 
commonly used fixatives for their effect 
on subsequent polymerase chain reaction 
(PCR) DNA amplification. We compared 
11 different fixatives at fixation times of 
1, 4, and 24 hours. The effect of fixation 
was measure by the ability of the DNA in 
a prepared tissue to serve as a template 
for the amplification of DNA fragments 
of 110, 268, 536, 989, and 1,327 base pairs 
(bp) in length. 

Dr. Battifora’s letter cites previous work 
that he interprets to suggest that alcohol- 
based fixatives were superior to 10% buff- 
ered neutral formalin (BNF) for preser- 
vation of nucleic acids. Reference 3 (Bat- 
tifora’s letter) clearly shows that when 
fixed tissues were paraffin embedded (as 
in our study on which Dr. Battifora is 
commenting), in fact the greatest per- 
centage of recoverable DNA was obtained 
from the formalin-fixed tissues, followed 
by ethanol-fixed tissues, and finally meth- 
anol-acetic-acid (MAA) fixed. Further- 
more, the study (ref. 3) does not address 
PCR amplification, thus rendering it dif- 
ficult to compare with our results. In ad- 
dition, Dr. Battifora cites an abstract (ref 
2) that states that for subsequent ampli- 


B Cells and UCHL1 Antigen 
Expression 


To the Editor: —1 read with interest the 
correspondence on the nature of the pa- 
racortical CD30-positive blasts in infec- 
tious mononucleosis (IM).! The pheno- 
type CD30+, Leu-224- (CD43), UCHLI 
weak+ (CD4SRO) reported by Hodges 
and colleagues is by no means diagnostic 
of T-cell lineage. As acknowledged by 
Abbondanzo and associates? CD30 an- 
tigen is not lineage specific and plasma 
cells and related neoplasms may be CD30 
positive? CD43 reagents, and especially 
Leu-22, stain both T and B cells and 
strong reactivity is reported in plasma 
cells, plasma cell neoplasms, and reactive 
plasmablasts.* 

The question of whether UCHLI can 
stain non-neoplastic B cells is more inter- 
esting. UCHLI recognizes the p180 iso- 
form of the leukocyte common molecule 
(LCA). T cells are known to switch from 


fication, OmniFix™ (an alcohol-based fix- 
ative) and BNF were equivalent. 

It is important to note that each of the 
alcohol-containing fixatives used in our 
study was also acid containing (low pH 
probably causes depurination and DNA 
strand scission during fixation), explaining 
the less efficient amplification from tissues 
processed in “‘alcohol-based”’ fixatives. 

Despite the possibility that some large 
pieces of tissue may not be completely 
"fixed" after 24 hours in BNF, the results 
of our study remain clear and conclusive. 
After 24 hours of fixation, no other fixative 
(with the exception of acetone) evaluated 
in the study gave superior amplification 
results to those found with BNF. Thus, 
for routine biopsies, which are typically 
fixed for 24 hours or less, we reiterate our 
conclusion that BNF was the most desir- 
able of the fixatives tested. In addition, we 
stress that for studies of suboptimally fixed 
or other “difficult” tissues, designing 
strategies that involve smaller DNA am- 
plification products may prove useful. 

Dr. Battifora's discussion of the advan- 
tages of ethanol fixation offers a nice pre- 
lude to the results from our long-term fix- 
ation study. This additional study ad- 
dressed the effect of short- and long-term 
storage (2 hours to 30 days) in a variety 


the high (recognized by CD45RA) to the 
low molecular weight isoform (recognized 
by UCHL I) as they assume primed or 
memory function. It has been held that B 
cells do not switch, except for the complete 
loss of LCA 1n plasma cells. However, 
about 10% of high-grade B-cell lympho- 
mas, some plasmacytomas, and myeloma 
cell lines are UCHL! positive.*° Notably, 
Epstein-Barr virus-related polymorphic 
immunoblastic lymphomas occuring in 
immunosuppressed patients show het- 
erogeneous UCHL1 and CD45RA stain- 
ing. This occurs principally in the plas- 
mablasts, suggesting isoform switching as 
the cells mature to plasma cells. 

In two cases of florid IM lymphade- 
nopathy we have found groups of CD30-, 
CD43+, UCHLI weak+, L26—, and 
strongly cytoplasmic Ig+ blast cells and 
confirmed this by double staining. The 
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of fixatives (BNF, 95% ethanol, acetone, 
and OmniFix™) before paraffin embedding. 
We tested the ability of prepared tissue sec- 
tions to yield DNA amplification products 
ranging from 268 to 1,327 bp. The results 
indicated that after 8 days, tissues fixed in 
BNF were able to amplify 536 bp, and even 
some but not 989 bp, DNA fragments; after 
30 days of BNF fixation, only the 268-bp 
fragment was amplifiable. Samples fixed in 
OmniFix™ and acetone yielded products 
of 989 and 1327 bp, respectively, after 96 
hours; both yielded 989-bp amplification 
products after 30 days of fixation. As might 
be expected, tissues fixed in 95% ethanol 
for up to 30 days efficiently produced DNA 
amplification fragments of up to 1327 bp 
in length. 

These additional results provide useful 
information for prospective studies that 
involve eventual PCR from archival ma- 
terial. Furthermore, fixation and long- 
term storage in ethanol should prove par- 
ticularly useful in remote areas where re- 
frigeration or immediate sample process- 
ing is unavailable. 

CATHERINE E. GREER 

M. MICHELE MANOs, Ph.D. 
Department of Infectious Diseases 
Cetus Corporation 

Emeryville, California 


loss of L26 (CD20) immunoreactivity is 
in keeping with terminal B-cell differen- 
tiation and suggests that UCHL] antigen 
is transiently expressed by normal B cells 
as they mature to plasma cells.’ Alterna- 
tively, but less likely, this may reflect 
aberrant LCA isoform switching in Ep- 
stein-Barr virus-infected B cells. 

Before relying too strongly on a weak 
UCHLI result, it would be helpful to per- 
form Ig and polyclonal CD3 staining on 
paraffin sections to determine more ac- 
curately the nature of the CD30-positive 
cells in their case. 


ANDREW J. NORTON, MB, BS, 
MRCPath 

Department of Histopathology 

St. Bartholomew’s Hospital Medical 
College 

London, United Kingdom 
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The Author's Reply 


Phenotype of Atypical CD30- 
Positive Cells in infectious 
Mononucleosis 


I appreciate the informative comments of 
Dr. Norton in response to our report of 
immunostaining patterns of atypical 
lymphoid cells in a patient with recurrent 
infectious mononucleosis. 

While my colleagues and I stated that 
the weakly positive UCHL-1 reaction 
supported a T-cell phenotype, it was not 
our intention to imply absolute evidence 
for the same. Additional studies on the 


Screening RIA Serum Samples 


To the Editor: —Riccio and colleagues 
in their paper “The Effects of Radioiso- 
topes Used in Nuclear Medicine on Di- 
agnostic Radioimmunoassay Testing" 
(Am J Clin Pathol 1990;94:618—623) 
conclude that screening all radioimmu- 
noassay patient serum samples is unnec- 
essary, with the exception of Cobalt 57- 
based assay systems. They are correct and 
a simple screening method recently has 
been described by Plant.! She found ra- 


To the Editor:—Dr. Riccio and his 
associates! conclude in their study of ra- 
dioisotope contamination of serum that 
the effect on diagnostic radiormmunoas- 
says is not great enough to warrant 
screening all submitted sera for such con- 
tamination, with the tentatively stated ex- 
ception of cobalamin (vitamin B?) assay. 
However, the problem is a complex one, 
and solutions ought to account for how 


routinely fixed wax-embedded tissue. 
Am J Pathol 1987;128:225-240. 

4. Said JW, Stoll PN, Shintaku P, et al. Leu- 
22: A preferential marker for T-lym- 
phocytes in paraffin sections. Staining 
profile in T- and B-cell lymphomas, 
Hodgkin's disease, other lymphoprolif- 
erative disorders, myeloproliferative 
diseases, and various neoplastic pro- 
cesses. Am J Clin Pathol 1989;91:542- 
549. 

5. Norton AJ, Isaacson PG. Invited review. 
Lymphoma phenotyping in formalin- 


CD30-positive cells revealed an unequiv- 
ocally negative pattern for IgM. In con- 
trast, however, rare IgG-positive cells were 
identified, raising the possibility that a 
small number of atypical elements in this 
case are, in fact, B immunoblasts. 


J. D. COTELINGAM, M.D. 
Captain, Medical Corps 
U.S. Navy 


dioisotope contamination of test serum in 
22 of 7,000 samples. Potentially falsely 
low specimens were screened by merely 
placing them under a general purpose ra- 
diation monitor (model 425) with a thin 
crystal gamma radiation probe (Victoreen 
Nuclear Associates, Cleveland, OH). This 
screening method is simple, rapid, and 
inexpensive, and it does not require ad- 
ditional test serum. 


the contamination actually affects the 
specific assay and its results. 

For example, my study of serum co- 
balamin and folate radioisotope dilution 
assays showed that the impact of serum 
contamination on the assay results was 
great? This was not because contamina- 
tion was frequent; in fact, its overall in- 
cidence was probably as low as that found 
by Riccio and associates. The impact was 
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fixed and paraffin wax-embedded tis- 
sues: II. Profiles of reactivity in the var- 
ious tumour types. Histopathology 
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great because radioactive contamination 
produced low results for “cobalamin” and 
“folate,” and low results are clinically im- 
portant. Thus, the effect of a relatively few 
contaminated sera was to produce a rel- 
atively large number of falsely low results; 
in my study, for example, 13 falsely low 
cobalamin results due to this artifact were 
found during the time that we encoun- 
tered 26 truly cobalamin-deficient sera.’ 
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Using a supernatant blank readily detected 
the artifact, but this is not a widely appli- 
cable solution because most assays no 
longer provide for such controls. A prac- 
tical recommendation for cobalamin as- 
say, therefore, would be to screen for en- 
dogenous radioactivity all sera found to 
give low results, rather than the extremes 
of either screening all submitted sera or 
screening none. 

I would also note that the authors, who 
comment on the paucity of studies on the 
effect of serum radioactivity on diagnostic 
assays while citing only one abstract, 


The Authors' Reply 


To the editor:—We thank Dr. Went- 
worth for his comments and for bringing 
to our attention the recent publication by 
Sylvia Plant. The rapid method for deter- 
mining preassay serum radiation con- 
tamination, with the model 425, thin 
crystal gamma radiation probe (Victoreen 
Nuclear Associates, Cleveland, OH), ap- 
pears to be a reasonable alternative for 
rapid identification of these specimens. In 
our study we were able to screen 25 sam- 
ples at one time using the Genesys counter 
as described in our paper. The finding by 
Plant that significantly erroneously low 
vitamin B,; measurements were obtained 
appears important. Although we had 
hoped that this would not be the case, as 
we noted in our study, we could not ef- 
fectively differentiate contaminating 
gamma radiation from that of the cobalt 


EDTA-Dependent 
Leukoagglutination 


To the Editor:—Hillyer and Associates 
reported an excellent case of spurious leu- 
kopenia secondary to leukocyte aggrega- 
tion caused by an ethylene dinitrilo tet- 
raacetic acid (EDTA)-dependent IgM an- 
tibody.’ I encountered a case in which 
mainly granylocytes were aggregated on 
the peripheral blood smear. The case in- 
volved a 62-year-old man admitted to 
King Faisal Specialist Hospital and Re- 
search Centre with the diagnosis of bron- 
chopneumonia. A white blood cell count 


overlooked not only my paper, which ap- 
peared in this journal? but also several 
others on this subject.^* 


RALPH CARMEL, M.D. 

Professor of Medicine and Pathology 
University of Southern California 
Los Angeles, California 
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57 radioligand. This is due to the partial 
overlapping of energy levels of cobalt 57 
and all the other contaminating radioiso- 
topes. 

It appears that we should continue to 
monitor for contaminating preassay radio- 
activity in the serum of patients with vi- 
tamin Bj; or folate test ordered, and per- 
haps periodically recheck these serum 
samples for decay of the radionuclide to a 
point at which the test may be performed 
reliably. In most instances this delay prob- 
ably would produce no clinical significance, 
except in the case of administration of ra- 
diopharmaceuticals with extremely long 
half-lives, such as cobalt 57 (270 days) and 
iodine 125 (60 days). In these cases, it may 
behoove the clinicians to draw these spec- 
imens before dosing with these long half- 
life radiopharmaceutical. 


(WBC) of 4.3 X 10?/L was reported from 
an automated cell counter (Coulter S-Plus 
III) on blood sample collected in EDTA. 
Review of the peripheral blood smear for 
differential count drew our attention to 
the granulocyte aggregates of 20 to 30 cells 
each (Fig. 1). A blood sample collected in 
citrate anticoagulant showed WBC of 9.6 
X 10°/L (more than 50% WBC increase 
from the previous sample) and disap- 
pearance of the aggregates. A retrospective 
review of the previous complete blood cell 
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to serum contamination by intravenous 
radioisotope administration: Falsely low 
serum vitamin B,; and folic acid results. 
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3. Torreti D, Rooney P, Williams G, Decker 
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We also wish to thank Dr. Carmel for 
his comments concerning the difficulties 
related to contamination of the folate and 
cobalamin tests as outlined in his article. 
We regret having overlooked these im- 
portant contributions, but we are pleased 
that our study, using a different method. 
independently raised the same concerns 
about this contamination in the B,;/folate 
assay. 


JOHN A. Riccio, M.D. 

DIANE MATURANI, M.T. (ASCP) 

MILDRED FLEETWOOD, Ph.D. 

Department of Pathology 
Laboratory Medicine 

Geisinger Medical Center 

Danville, Pennsylvania 


counts in the patient's chart revealed a 
continuous discrepancy of the WBC (e.g, 
on March 22, 1988 at 15:30 P.M., the 
WBC was 17.1 X 10?/L compared to 9.5 
X 10?/L at 20:35 P.M.). From this case 
and other reported cases,^? we concluded 
that this IgM antibody is directed specit- 
ically to a granulocyte antigen and de- 
pends on the presence of EDTA. Further 
studies on antibody specificity should be 
conducted. Although the condition seers 
to be very rare, many cases might have 
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been missed or underestimated. If such 
artifact occurred in a case of CML on 
treatment, the doubling time and moni- 
toring of chemotherapy could have been 
seriously affected. 


SALIM H. KHALIL, M.D. 


Thymic B Cells 


To the Editor:—We read with interest 
the recent article by Eimoto and col- 
leagues on “Nonneoplastic and Non- 
hyperplastic Thymus in Myasthenia 
Gravis”.’ Their study demonstrated that 
thymuses of patients with myasthenia 
gravis (MG), which appear normal by 
routine light microscopy, show changes 
of thymic microenvironment that can be 
detected by immunohistochemical ex- 
aminations, especially double-labeling 
methods. They describe distension of the 
perivascular space (PVS) with elongation 
of medullary epithelium, disruption of 
basement membranes, and increased 
numbers of B cells within the PVS. In 
lymph follicular hyperplasia, the same ar- 
chitectural disturbances are present in a 
much more pronounced way, thus sup- 
porting the uniting concept of chronic 
thymitis.?? 

However, we are skeptical whether it is 
always possible to distinguish clearly be- 
tween chronic thymitis in MG patients 


| 
gE 


King Faisal Specialist Hospital 
and Research Centre 
Saudi Arabia 
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without lymph follicular hyperplasia (type 
A) and normal thymus. B cells, which play 
a prominent role in the immunopathol- 
ogic state of MG, have only recently been 
described as a constant constituent of the 
normal thymic  microenvironment.^? 
Detailed information has been obtained 
on the immunophenotype and morphol- 
ogy of the intramedullary B-cell popula- 
tion, but relatively little attention has been 
given to the B cells of the *extrathymic" 
PVS and their variability, both in number 
and distribution in the normal thymus. 
Most authors regard them as passenger 
lymphocytes without functional rele- 
vance. We have examined a series of nor- 
mal fetal, juvenile, and adult thymuses as 
well as nonneoplastic thymuses from 
myasthenic patients with single- and dou- 
ble-labeling immunohistochemical tech- 
niques, using both cryostat sections and 
routinely fixed, paraffin-embedded ma- 
terial." The number of B lymphocytes in 
the PVS of thymuses from patients with- 


A.J.C.P, * July 1991 


Fic. 1. EDTA-related granulocyte aggregation. 
Original magnification X600; Wright’s stain. 


2. Epstein HD, Kruskall MS. Spurious leu- 
kopenia due to in-vitro granulocyte ag- 
gregation. Am J Clin Pathol 1988;89: 
652-655. 

3. Savage RA. Analytic inaccuracy resulting 
from haematology specimen character- 
istics. Arn J of Clin Pathol 1989;92:295- 
299. 


out signs of autoimmune disease varied 
significantly, showing a parallel increase 
to the volume of the PVS and the occur- 
rence of lymphoid follicles, which can be 
found in about one fourth of normal thy- 
muses by serial sections.® In older patients 
with signs of thymic atrophy, the PVS is 
often expanded, with a subsequent relative 
increase in B cells. In accordance with 
other findings, we were always able to lo- 
cate the lymphoid follicles in the PVS by 
serial sections and double-staining exper- 
iments, separated from the medulla by a 
row of epithelial cells. However, the ep- 
ithelial layer around these follicles showed 
discontinuities, and many B cells from the 
outer follicle zone seemed to penetrate 
into the adjacent medulla. The findings 
in some of the patients without MG re- 
semble closely the alterations described by 
Eimoto and co-workers! in so-called type 
A thymus of MG patients. In our opinion, 
these moderate changes are not necessarily 
specific for autoimmune disease. We sup- 


CORRESPONDENCE AND CORRECTIONS 


pose that various influences can stimulate 
the thymic B-cell system and lead to this 
form of "chronic thymitis” without lym- 
phoid follicular hyperplasia, which may 
sometimes simply represent immunologic 
activation and not an immunopathologic 
State. 

Until now, the role of the medullary B 
cells in MG and the interrelations between 
intrathymic and extrathymic B-cell com- 
partment have received little attention. 
Although an influx from B cells from the 
PVS into the medulla in MG seems likely 
from histologic observations, the fate of 
the original intramedullary B-cell popu- 
lation, especially the large, CD23-positive 
cells with dendritic features, which rep- 
resent a unique phenotype,’ remains un- 
certain. Only an analysis of the function 
of these truly intrathymic B cells and of 


The Authors’ Reply 


To the Editor: —We thank Dr. Fend 
and colleagues for their interesting com- 
ments. Their letter notes that (1) the 
number of B lymphocytes in the perivas- 
cular space (PVS) of “normal” thymuses 
is variable, (2) in older patients without 
myasthenia gravis (MG), lymphoid folli- 
cles in the PVS separated from discontin- 
ued epithelial layer can always be located, 
and thus, (3) the changes in nonneoplastic 
and nonhyperplastic thymus of myas- 
thenic patients in our description may 
represent “simple immunologic activa- 
tion, not an immunopathologic state." We 
are inclined to agree with some of their 
Observations, but not with their interpre- 
tations. 

As they indicate, B lymphocytes may 
be present in the PVS as well as in the 
medulla of non-MG thymuses. However, 
in our experience we have found the de- 
gree and frequency of their appearance in 
the PVS to be much less in non-MG thy- 
muses compared with MG thymuses; only 
one (case 27) of eight age-matched control 
cases in our series contained a consider- 
able number of B cells in the PVS.' Their 
finding of lymphoid follicles in the PVS 
of most thymuses of older nonmyasthenic 
patients is of interest, although we could 
not find such descriptions in reference 


their interactions with the peripheral B- 
cell population will yield a more complete 
view of the thymus in states of health and 
disease. 


FALKO FEND, M.D. 

DAVID NACHBAUR, M.D. 
HEINZ HuBER, M.D. 
Innsbruck University Hospital 
Innsbruck, Austria 


REFERENCES 


1. Eimoto T, Kusano T, Ando K, et al. Non- 
neoplastic and nonhyperplastic thymus 
in myasthenia gravis. Am J Clin Pathol 
1990;94:36-43. 

2, Goldstein G. Thymitis and myasthenia 
gravis. Lancet 1966;11:1 164-1167. 

3. Kirchner T, Schalke B, Melms A, et al. Im- 
munohistological patterns of non-neo- 
plastic changes in the thymus in myas- 


number 4 that they cited. If this finding 
is verified and their logic is followed, even 
lymph follicles in MG thymuses are not 
immunopathologic? Our first question to 
the interpretation by Dr. Fend and col- 
leagues is whether these changes in non- 
MG thymuses are normal, as they men- 
tion at first. Later, they call the changes 
“immunologic activation." Our second 
question is how one can regard the im- 
munologic activation in MG thymus as 
“not immunopathologic" when it is as- 
sociated with production of anti-acetyl- 
choline receptor antibody and/or anti- 
striated muscle antibody. 

The conclusion in our study was based 
not only on B cells but also on various 
other components. The changes we de- 
scribed represent an immunopathologic 
state (chronic thymitis in a broad sense) 
with immunologic activation on the basis 
of a significant architectural disturbance 
in the MG thymuses with or without fol- 
licular hyperplasia. The changes as shown 
in Figure 1A compared with Figure 1B in 
our article! hardly suggest a simple phys- 
iologic process. We do not think, however, 
that the morphologic changes in MG thy- 
muses are specific for the disease. Chronic 
thymitis not associated with MG may ex- 
ist as the occurrence of thymic follicular 
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hyperplasia is well known in other au- 
toimmune diseases and in the absence of 
significant diseases.? A specific etiology 
and/or HLA genotype may underlie the 
development of morphologic changes in 
MG thymus,” although we concur with 
Dr. Fend and colleagues as to the impor- 
tance of analyzing the intra- and extra- 
thymic B-cell compartments. 


TADAAKI EIMOTO, M.D. 
Nagoya City University Medical School 
Nagoya, Japan 


MASAHIRO KIKUCHI, M.D. 
Fukuoka University Medical School 
Fukuoka, Japan 
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NEWS AND NOTICES 


American Society of Clinical Pathologists/ 
College of American Pathologists 


September 21-27, 1991 Joint Fall Meeting (New Orleans, LA) 
April 4—9, 1991 Joint Spring Meeting (Boston, MA) 
October 10-16, 1992 Joint Fall Meeting (Las Vegas, NV) 
For further information, contact ASCP Customer Services, 2100 W. 
Harrison Street, Chicago, Illinois 60612, or call 1-800-621-4142 (in Il- 


linois, call 312-738-4890). 


e 


American Society of Clinical Pathologists' 
Regional Educational Programs 


August 8-9, 1991 Physician's Office Laboratory Testing (Chi- 
cago, Illinois) 

Decisions in Microbiology (Toronto, Canada) 
Fine-Needle Aspiration: A General Update 
(Chicago, Illinois) 

Urological Pathology: Current Concepts and 
Recent Developments (Williamsburg, Vir- 
ginia) 

Soft-Tissue Pathology: Conceptual and Prac- 
tical Approaches to Diagnosis (Pasadena, 
California) 

Current Topics in Transfusion Medicine 
(Cambridge, Massachusetts) 
Immunohistology: Techniques and Interpre- 
tation for Immunoperoxidase, Immunofluo- 
rescence, and in Situ Hybridization (Chicago, 
Illinois) 

A Practical Approach to Diagnostic Hema- 
tologic Problems (Atlantic City, New Jersey) 
Surgical Pathology of the Lung (Santa Fe, 
New Mexico) 

Problems in the Diagnosis and Management 
of Breast Cancer (Longboat Key, Florida) 


September 4-7, 1991 
October 7-11, 1991 


October 14-18, 1991 
October 18-20, 1991 


October 22-25, 1991 


October 30- November 
1, 1991 


November 4-8, 1991 
November 11-14, 1991 


December 4-6, 1991 


o 
ASCP Flow Cytometry Preceptorships 


August 5-15; September 9-19; October 7-17; November 4-14; and 
December 2-12. 


o 


ASCP Weekend of Pathology 


July 12-14, 1991 San Francisco, California 

Each weekend features six anatomic pathology workshops for pa- 
thologists and residents. Topics scheduled include “Diagnostic Dilemmas 
in Genitourinary Pathology"; “Polyps of the Gastrointestinal Tract"; 
“Neoplastic and Nonneoplastic Diseases of the Breast"; “Controversies 
in Gynecologic Pathology"; *Inflammatory Diseases of the Liver: A His- 
tologic Approach to Diagnosis"; "Selected Topics in Diagnostic Der- 
matopathology." 

For further information on all ASCP programs, call ASCP Customer 
Services, 1-800-621-4142 (in Illinois, call 312-738-4890). 


o 


National Academy of Clinical Biochemistry 


July 26-27, 199] Advances in the Clinical Laboratory Evalu- 
ation of Cartilage, Bone, and Systemic Rheu- 


matic Diseases (Washington, D.C.) 
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For further information, contact: Secretary, NACB, 2029 K Street, 
N.W., 7th Floor, Washington, D.C. 20006. 


o 


International Symposium on Automated Cytologic Screening 
for Cervical Cancer 


October 17-19, 1991 Denver, Colorado 

This meeting will offer in-depth analysis of developments in the field 
of automation in cytopathology and affords participants the opportunity 
to become more aware of current methods of specimen preparation and 
video scanning technology. The main purpose of the symposium is to 
provide a forum in which the complex issues in this emerging field may 
be discussed. The directors are Heinz K. Grohs, M.D., Salem and Beth 
Israel Hospitals, Boston; and O. A. N. Husain, M.D., Charing Cross 
Hospital, London. 

The three-day conference will include sessions on historical information 
of interest, analysis of market needs for automated screening, challenges 
for specimen standardization, issues of quality assurance, the possible 
role of the Federal Food and Drug Administration in this area, discussion 
of commercial applications of currently available technology, and work- 
shops offering small group demonstrations of pertinent equipment. Par- 
ticipation is open to physicians, medical technologists, cytotechnologists, 
laboratory managers, and other interested members of the healthcare 
industry. For further information contact: The International Institute 
for Applied CytoSciences, Inc., 40 Beach Street, Suite 304, Manchester, 
MA 01944, or call (508) 526-8083; or Heinz K. Grohs, M.D., F.LA.C., 
Program Chairman, (508) 724-1200, ext. 4101. 


o 
American Association of Pathologists 


October 31-November Concepts in Molecular Biology (Bethesda, 

3, 1991 Maryland) 

Co-sponsored by the United States and Canadian Academy of Pa- 
thology and the College of American Pathologists, this course will consist 
of lectures, tutorials, laboratory demonstrations, and a syllabus with an- 
notated bibliographies and laboratory protocols. The course has been 
designed for diagnostic and experimental pathologists, basic scientists, 
and clinical investigators who desire to become conversant with the basic 
principles and concepts of recent advances in biotechnology. Emphasis 
will be placed on understanding nucleic acid molecular biology and its 
application to diagnosis and pathogenesis of human disease. Space is 
limited, so register early. Category I CME credit will be available. For 
more information and registration forms contact: The American Asso- 
ciation of Pathologists, 9650 Rockville Pike, Bethesda, MD 20814-3993; 
or call (301) 530-7130 or fax (301) 571-1879. 


Oo 


Department of Pathology, Massachusetts General Hospital, 
Harvard Medical School 


November 18-22, 1991 Current Concepts in Surgical Pathology 

This postgraduate course will be presented under the direction of Nancy 
L. Harris, M.D., Robert H. Young, M.D., and Eugene J. Mark, M.D. 
The course is designed for pathologists at resident and practitioner levels. 
It will provide an in-depth review of diagnostic surgical pathology with 
emphasis on morphologic features, newly recognized entities, and new 
techniques, presented by the faculty of the Department of Pathology, 
Massachusetts General Hospital. Instruction will be primarily by lecture, 
but will also include discussion periods, Each participant will receive a 
comprehensive course syllabus. 
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The course has Category | accreditation for approximately 35 hours 
of CME credit by the American Medical Association. The fee for the 
course is $650 (resident and fellow: $450). For further information, con- 
tact Department of Continuing Education, Harvard Medical School, 
25 Shattuck Street, Boston, MA 02115; or call (617) 432-1525. 


S 
The University of Utah 
February 15-22, 1992 15th Annual Update in Clinical Microbiology 
and Immunology (Park City, Utah) 

The University of Utah Department of Pathology, Division of Clinical 
Microbiology and Immunology is pleased to offer this 25-hour review 
and update. Course directors are John M. Matsen, M.D., and Harry R. 
Hill, M.D. For further information contact Dr. Matsen, Department of 


Pathology, University of Utah School of Medicine, Salt Lake City, Utah 
84132; (801) 581-7480. 


ie 
Dermatopathology Symposium 


February 15-23, 1992 Palm Springs, California 

This symposium, taught by A. Bernard Ackerman, M.D.. will consist 
of three 3-day courses: (I) A New Look at Histologic Diagnosis of In- 
flammatory Skin Diseases with Particular Emphasis on Superficial Peri- 
vascular Dermatitis, Vasculitis, and Panniculitis; (2) Mythology in Der- 
matopathology: Fictitious Diseases and Fallacious Concepts in Contem- 
porary Dermatopathology; and (3) Still Another 100 Clues to Diagnosis 
in Dermatopathology (Clues III). Courses will run from 8:00 AM to 
1:00 PM each day; breakfast sessions for residents will begin at 7:00 AM. 
For further information, contact Florence Nygaard, 300 E. 40th Street. 
Suite 26H, New York, NY 10016; or call (212) 263-7268. 
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Your FPIA system just got better— 
with Sigma TDM reagents, service and support. 


Sigma's economical, ready-to-use FPIA reagent sets are compatible 
with the leading TDM analyzers and all software revisions. 


You'll also save valuable time because no data reduction is needed. 


It's the simplest interface yet. 

Most importantly, you get the assurance of Sigma quality, right 
down to our calibrators. Of course, our FPIA reagents are compatible 
with commercially available controls. And, Sigma’s Technical 
service Hotline is always there for you. 

To order, or for an FPIA brochure, call or FAX taday! 
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P.O. Box 14508, St. Louis, MO 63178 
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GEHMANY UNITED KINGDOM 


With Blood Collection: Special Procedures, 
improving the validity of your 





- oo iS as simple as pushing a button. 


Simply pop in this innovative, new videotape 
... hit the "play" button ...and you — and the 
rest of your laboratory — can master critical 
blood collection procedures that go beyond 
routine venipuncture. 


With Blood Collection: Special Procedures, 
you'll learn vital information on the following 
procedures: Special transport; Blood cultures; 
Type and crossmatch; Cold agglutinins; Mod- 
ified Ivy bleeding time; Therapeutic drug 
monitoring; and Glucose tolerance testing. 
Step-by-step details for each procedure are 
explained, including site selection and prepa- 
ration, patient identification, equipment, proce- 
dure and quality assurance considerations. 





Perfect for phlebotomists . . . technologists . . . 
anyone who wants to learn or review special 
collection techniques, this videotape package 
(including a comprehensive monograph with 
pre- and post-tests, educational objectives and 
suggested readings) is sure to be an invaluable 
training tool in your laboratory. 


Developed by Susan Phelan, MHS, MTCASCP) 
27-minute VHS videotape; 20-page 
monograph; ISBN 0-89189-309- 1; 

Cat, €A47-9-055-VH; $125 


To order — or for more information on 
this or other ASCP Press phiebotomy 

videotapes — call ASCP Customer Services: 
1-800-621-4142 (in IL, call 312-738-4890) 


AS C-P 
PRESS 


CLASSIFIED 
AD SECTION 


Classified advertising is available in 
AMERICAN JOURNAL OF CLINICAL 
PATHOLOGY for those recruiting per- 
sonnel. 


Classified ad copy, like other advertis- 
ing copy, will be reviewed for approval 
prior to publication. 


Classified Rates: $10.00 per line or 
fraction of line. The average line will be 
40 characters. $50 minimum. 


Box Numbers: Replies may be 
directed via Box # to J.B. Lippincott 
Company, at an extra charge per inser- 


tion of $10.50 to cover handling costs 
in forwarding such replies to the adver- 
tiser. 


How to Order: Send typewritten text 
copy of the ad with full remittance to: 


AMERICAN JOURNAL OF 
CLINICAL PATHOLOGY 

cjo J.B. Lippincott Company 
Attention: Ronna Ekhouse 
East Washington Square 
Philadelphia, PÀ 19105 

(215) 238-4215 


Deadline: Copy received by the 20th 
of the month will run in the SECOND 
FOLLOWING MONTH's issue. 
Prepayment is not required 


Positions Available 


Loyola University Medical Center 
(LUMC) of Chicago: The Department of 
Pathology is currently seeking a board cer- 
tified AP/CP Pathologist with subspecialty 
boards in Hematology for an Assistant 
Professor position in the division of 
Hematology. The individual would act as a 
liaison between the immunophenotype and 
molecular biology laboratories and the clini- 
cal services. He/she would be involved in 
teaching in an active hematology fellowship 
program, residency and medical school 
setting. The candidate will be involved in 
general hematology, bone marrow, special 
hematology and lymph node sign out. Re- 
search possibilities in molecular hematol- 
ogy and immunophenotyping; especially in 
the area of the leukemias and lymphomas 
are available and could be easily pursued. 
The selected candidate will work closely 
with a senior hematologist experienced in 
research, teaching and publication in the 
medical literature. The selected candidate 
will have every opportunity to further his/her 
academic career in laboratory hematology 
and hematopathology. LUMC is an equal 
opportunity employer. Applications with 
curriculum vitae and the three names of 
references should be sent to: Harold R. 
Schumacher, M.D., Department of 
Pathology, 2160 South 1st Avenue, 
Maywood, Illinois 60153. 





The Department of Pathology, Univer- 
sity of Connecticut Schoo! of Medicine, 
offers a tenure track position im 
Anatomic Pathology at the Assistant 
Professor level. The applicant must be an 
independent surgical pathologist with sub- 
specialty training/expertise in cytology/fine 
needle aspiration. Additional experience in 
diagnostic immunopathology is desirable. 
The candidate should have special interest 
and ability in undergraduate and post- 
graduate medical education. Teaching 
responsibilities will include training of 
pathology residents, medical and dental 
students and conducting conferences with 
clinical services. Board certification is re- 
quired. Salary negotiable depending upon 
qualifications and experience. Curriculum 
vitae and names and addresses of refer- 
ences should be sent to: Faripour 
Forouhar, M.D., Director, Division of 
Anatomic Pathology, School of 
Medicine, University of Connecticut 
Health Center, Farmington, CT 06030. 
The University of Connecticut is an Equal 
Opportunity Affirmative Action Employer. 
M/WIH 


UNIVERSITY OF MIAMI, DIRECTOR OF 
SURGICAL PATHOLOGY, The Depart- 
ment of Pathology of the University of 
Miami is seeking an anatomic pathologist 
at the level of Associate Professor or 
Professor to assume the Directorship of 
Surgical Pathology at the University of 
Miami Jackson Memorial Medical Center. 
The candidate must be Board Certified in 
Anatomic Pathology and have broad ex- 
perience and strong academic background 
in Surgical Pathology. The responsibilities 
include clinical service in an active 
anatomic pathology division, teaching resi- 
dents and medical students, and research 
in related discipline. We offer an excellent 
benefit package and a salary commen- 
surate with experience of the candidate. 
Send resume to: Mehrdad Nadji, M.D., 
Director, Anatomic Pathology, Univer- 
sity of Miami school of Medicine, P.O. 
Box 016960, Miami, FL 33101. The 
University of Miami is an equal opportunity, 
affirmative action employer. 


CLEVELAND CLINIC FLORIDA - 
DEPARTMENT OF PATHOLOGY AND 
LABORATORY MEDICINE - Additional 1-2 
pathologists sought to join a growing prac- 
tice in the Department of Pathol- 
ogy/Laboratory Medicine at Cleveland 
Clinic Florida. individuals must be board 
certified/eligible in anatomic/clinical pathol- 
ogy. Expertise required in surgical pathol- 
ogy/cytopathology and an area in clinical 
pathology. Preference given to candidates 
with demonstrated interest in potential 
academic development. Send curriculum 
vitae with names and addresses with three 
references to Fred V. Lucas, M.D., Depart- 
ment of Pathology & Laboratory 
Medicine, Cleveland Clinic Florida, Ft. 
Lauderdale, FL 33309. An equal oppor- 
tunity/affirmative action employer. 


CHIEF OF PATHOLOGY SERVICES: New 
two-hospital group in Kingston, New York 
seeks BC/AP/CP Pathologist with ex- 
perience in Anatomical and Clinical Pathol- 
ogy to assume the position of Chief of 
Pathology Services. In operation for less 
than six months, this progressive laboratory 
commands strong leadership for develop- 
ment and promotion of additional services. 
Candidates should exhibit sound 
managerial skills and have laboratory 
management experience. Located 90 miles 
North of New York City, in the foothills of the 
Catskill Mountains, Kingston offers a 
wealth of cultural and recreational oppor- 
tunities. As well as an exciting opportunity, 
the KBH Laboratory offers an excellent 
salary and benefits package. Forward cur- 
riculum vitae to: Mir. John Mears, V.P. of 
KBH Network, 105 Mary’s Avenue, 
Kingston, NY 12401. KBH Laboratory is 
an Equal Opportunity Employer. 





Academic Chemical Pathologist - The 
Pathology Department at Indiana Univer- 
sity School of Medicine is seeking a 
Pathologist for an Assistant Professor 
tenure-track position in the Division of Clini- 
cal Pathology, and Board Certified or 
Eligible in Chemical Pathology, with fellow- 
ship training in Chemical Pathology or Clini- 
cal Chemistry. The position involves the 
professional direction of clinical laboratories 
as well as participation in the Division’s 
educational programs. An interest and back- 
ground in research is strongly recom- 
mended, with the candidate expected to 
pursue an independent research program. 
Research interests in protein/enzyme 
biochemistry, endocrinology, or medical in- 
formatics are highly desirable. The Depart- 
ment of Pathology at Indiana University 
Medical Center is a large academic depart- 
ment which directs clinical laboratories in 
four hospitals; has educational programs in 
medical technology, medical and graduate 
programs, as well as Residency and Fellow- 
ship trainingships. Send curriculum vitae 
and the names of three references to: Dr. 
Carleton D. Nordschow, Chairman, 
Department of Pathology, indiana 
University Hospital, Room N-440, 926 
West Michigan Street, Indianapolis, In- 
diana 46202-5283. Indiana University is an 
Equal Opportunity Employer. 


BLOOD BANK DIRECTOR - West Virginia 
University has an opening at the Assistant 
or Associate Professor level for a clinical 
pathologist, boarded or board-eligible in 
blood banking. Send CV to W.S. Morgan, 
M.D., Department of Pathology, Morgan- 
town, WV 26506. WVU is an affirmative 
action/equal opportunity employer. 


UNIVERSITY OF MIAMI, The Department 
of Pathology of the University of Miami is 
seeking surgical pathologists at the level of 
Assistant or Associate Professor. The can- 
didate must be Board Certified in Anatomic 
Pathology and have training and ex- 
perience in Cytopathology or Der- 
matopathology. The responsibilities include 
clinical service in an active anatomic 
pathology division, teaching residents and 
medical students, and research in related 
discipline. We offer an excellent benefit 
package and a salary commensurate with 
experience of the candidate. Send resume 
to: Mehrdad Nadji, M.D., Director, 
Anatomic Pathology, University of 
Miami school of Medicine, P.O. Box 
016960, Miami, FL 33101. The University 
of Miami is an equal opportunity, affirmative 
action employer. 





Locum Tenens 





Locum tenens. Earn up to $180,000.00 per 
year. Don’t work for an Agency. Work for 
yourself. For details, send name and ad- 
dress to Dr. Monroe, 7035 Hwy 6 South, 
Suite P175, Houston, Texas 77083. 
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RECEPTOR RESEARCHERS 
Improved e/bB-2 (HER-2/neu) Available Now 
e 
MOT' research scientists have developed a purified murine 
monoclonal antibody with advanced analytical capabiliti 
* Exquisite sensitivity and high specificity for 
immunohistochemistry of formalin-fixed, paraffin 
embedded tissue. 
e No cross reactivity with epidermal growth facto: 
receptor (EGFR). 
e Highly effective for biochemical analysis including 
Western blot and immunoprecipitation procedures 
To order and to obtain additional information, call 
our Technical Services Department at 301-590-2658. 


For research use only: not to be used in diagnostic proce dures 


Molecular Oncology Inc. 


Challenging cancer at the molecular level 


19 Firstfield Road Gaithersburg. MD 20878 Fax: 301-94 


HEMATOPATHOLOGIST 


Southern California Permanente Medical 
Group (SCPMG) is recognized as the nation's 
largest and most respected physician-managed 
multispecialty medical group. We are currently 
seeking a 3rd hematopathologist for the Los 
Angeles Kaiser Foundation Hospital Medical 
Center. Candidate will join a 9-pathologist, 
hospital-based regional referral center. Our 
compensation is competitive and we offer an 
outstanding comprehensive benefit package. 


For more information, 
send your curriculum vitae to: 


Irwin P. Goldstein, M.D. 
Associate Medical Director 
SCPMG, Dept. 083 
Walnut Center, Pasadena, CA 91188-8013 


Or call 1-800-541-7946 


KA 


KAISER PERMANENTE 
Southern California Permanente 
Medical Group 



























/^ yourname on it 


would you run it on 


anything but 


a COULTER system? 


If you're not sure, 
consider this. 


It's a delicate chain of confidence 
from patient to physician to 
laboratorian to your instruments 
and reagents. You need accurate 
results backed by a reliable 
company — Coulter. For over 30 
years, physicians and laboratorians 
have relied on the accuracy of 
Coulter hematology results. 


You can depend on Coulter 
and the COULTER STKS. 


Coulter, the company that 
invented the technology, keeps 
on improving it. That's why we 
developed the COULTER STKS — 
to provide you with a fully- 
automated CBC and 5-part 


differential that you and physicians 
can depend on. No other hematology 
analyzer looks at a cell as closely 
as the STKS. For every 5-part 
differential, up to 16 million data 
points are collected to provide 
high-resolution scatterplots for 
detection of abnormals. And each 
cell is analyzed simultaneously 
by three, separate, independent 
probes. We analyze more white 
cells per sample than any other 
system, and thoroughly investigate 
red cell and platelet populations 
for count and morphology. 


Cell analysis is our calling. 


Others may come and go, but 
there’s never been any doubt about 
Coulter’s dedication to hematology. 
We support our customers with 


The COULTER’ STKS 
Hematology System 





over 1,350 technical representatives 
worldwide, and with the largest 
hematology database in the world 
for quality control (IQAP). We 
understand the importance of 
keeping your lab up and running — 
24 hours a day, every day Over 
58,000 COULTER hematology 
systems are working around the 
clock, around the world. They 
report over 3,000,000 CBCs a 
day to help you support over 
1,000,000 physicians who depend 
on your results. 


But if you're still not convinced, 
talk to a Coulter customer. Then 
call us at 1-800-526-6932 and 
make a decision on a hematology 
system and a company you can 


depend on. 





Latex 


When it comes to readability, 
which CMV test would you choose? 


Never before has a CMV screening test had so much to offer! 
Capture-CMV is a solid phase screening test system for the 
detection of IgG--IgM antibodies to cytomegalovirus (CMV) in 
human serum or plasma. 

Easy to read. Reduces subjectivity with objective reaction 
end-points that can be read and reread by the naked eye for 

up to two days. 

Flexible. Versatile strip well packaging allows individual or 
batch testing. 

Reliable. Sensitivity of 99.8% and specificity of 99.5%. 

Fast. Test one to 60 patients in under 15 minutes -- several 
hundred in under 45 minutes. Performed at room temperature, 
no special equipment or dilutions required. 

Capture -CMV. The differences are obvious. For more informa- 
tion, contact your Immucor g 
representative or Customer Service. ND ee 


Immucor, Inc., 3130 Gateway Drive, P.O. Box 5625, Norcross, GA 30091-5625 
(800) 829-2553, (404) 441-2051, FAX (404) 441-3807 
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With Antigen Retrieval 


A novel method for the recovery of immunostaining in formalin-fixed tissue. 


e Recovers full staining in tissues fixed in formalin for up to 2 years! 
e Rescues overfixed tissues without enzyme digestion. 
e Increases use of archival materials in retrospective studies. 


e Part of a complete program for standardized immunohistochemistry. 


Call for more information 


= BioGenex La borato ries about Antigen Retrieval and the 


4600 Norris Canyon Road, San Ramon, CA 94583 USA Standardization of Immunohistochemi: 


Advancing the Science of Immunostaining 1 -800-421 -41 4€ 
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KITS 
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DAB (insoluble, brown or black) 
AEC (insoluble, red) 

4-CN (insoluble, grey) 

TMB (insoluble, blue) 

ABTS (soluble, green) 


ALKALINE PHOSPHATASE 


Vector? Red (insoluble, red)* 

Kit II (insoluble, black) 

Kit III (insoluble, blue) 

BCIP/NBT (insoluble, blue/violet) 

PNPP (soluble, yellow) 
*highly fluorescent product 


GLUCOSE OXIDASE 


NBT (insoluble, blue/purple) 
TNBT (insoluble, black) 
INT (insoluble, red/violet) 


Each kit contains necessary reagents in convenient 

dropper bottles sufficient to prepare 200 or 300 ml of working 
substrate solutions. The kits have been designed for optimal 
performance in immunohistochemistry, in situ hybridization, 
enzyme immunoassays, and transfer blot techniques. For 
specific details or protocols please phone or write: 


VECTOR LABORATORIES, INC. 

30 Ingold Road, Burlingame, CA 94010 

(415) 697-3600 

VECTOR LABORATORIES, LTD. 

16 Wulfric Square, Bretton, Peterborough PE3 8RF U.K. 
(0733) 265530 
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Diagnostic Puzzle 


RHEUMATOLOGY DIAGNOSTICS LABORATORY, INC. introduces 
a novel GLOMERULONEPHRITIS Panel (GNP) to assist in resolving 
immunologically mediated glomerular diseases. 
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Springer for Pathology 


Practical Guide to Surgical Pathology (J Manual of Quantitative Pathology in 


with Cytologic Correlation 


A Text and Color Atlas 

K. Kim, MD, Med. College of Ohio, Toledo, OH, and 

B. Naylor, MB, ChB, MSc, The Univ. of Michigan School 
of Medicine, Ann Arbor, MI 


Comprehensive: This unique Text and Color Atlas 
comprehensively examines every organ system. Color slides 
and concise clinicopathologic correlations are paired with 
corresponding cytology and histopathology; important gross 
and radiologic pictures are also shown. 


Over 700 color illustrations: High-quality cytologic, 
histopathologic, and radiographic illustrations facilitate 
accurate diagnosis. Both traditional exfoliative cytology and 
fine needle aspiration cytology are featured. 


Authoritative, easy-to-use reference: Drs. Kim and Naylor 
wrote their book for busy pathology surgeons and residents. 
Their concise clinical and pathologic descriptions, easily 
accessible overviews, and carefully selected references are 
designed to yield fast answers for practitioners. 


Well structured: In the Practical Guide to Surgical 
Pathology with Cytologic Correlation, text and illustra- 
tions for each disorder always appear on facing pages. 
Organized for quick and authoritative reference, this volume 
is an ideal tool for Boards preparation. 

Due October 1991/Approx. 320 pp., 762 illus./Hardcover 
ISBN 0-387-97538-1/$198.00 (tent.) 





Three Easy Ways to Order: 


* CALL TOLL-FREE 1-800-SPRINGER 
(1-800-777- 4643) 8:30 a.m. - 4:30 p.m. Eastern Standard 
Time (In New Jersey, call 201-348-4033). To expedite 
the order your reference number is 8844. 


* CHECK OFF the boxes above and RETURN or FAX 
this page to Springer-Verlag New York, Inc., Attn.: 
Juliane Ritt Martinez (S844), 175 Fifth Avenue, 

New York, NY 10010, Fax # (212) 473-6272. 


* VISIT your local medical/scientific bookstore. 
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Cancer Diagnosis and Prognosis 


J.P.A. Baak, MD, PhD, Free Univ. Hospital, Amsterdam, 
The Netherlands (Ed.) 


Written by the world’s leading experts, this comprehensive 
book gives thorough and detailed information about 
diagnostic protocols and necessary quantitative work, 
while avoiding unnecessary theory. Topics covered are: 
applications of flow cytometry; image cytometry; 
morphometry; digital image processing; laser microscopy; 
three-dimensional reconstruction and artificial intelligence 
to all aspects of cancer and related pathology, including 
immunopathology and molecular biology. The authors 
document that the routine application of quantitative 
methods is essential for accurate targeting of cancer 
therapy to prevent both over treatment and under treatment. 
Due April 1991/Approx. 696 pp., 245 illus., 88 tables 
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Is There a Place for Acute Basophilic Leukemia? 


In 1976 when the French-American-British (FAB) 
proposals were first published, categorization of acute 
leukemia seemed simple.! This disease was diagnosed and 
subclassified based primarily on Wright's stain morphol- 
ogy, with ancillary help from myeloperoxidase (MPO) and 
nonspecific esterase stains. There were two basic premises 
of the FAB proposals. First was to develop a system that 
“would permit comparison between series of cases, show 
prognostic differences between different categories, and 
provide a framework of reference for persons working in 
different biologic disciplines who use material from pa- 
tients with leukemia."? Second was to "formulate diag- 
nostic guidelines from cytologic material likely to be 
available readily in most hematology laboratories, namely, 
Romanowsky-stained films . . . and a few essential cy- 
tochemical reactions."? 

In the 15 years since the original proposal, a wealth of 
new information from cytogenetics, immunology, and 
electron microscopy (EM) has been added to our under- 
standing of acute leukemia.^!! With the acquisition of 
this new technology, the morphologic classification of 
acute leukemia can be validated further. Moreover, an 
expansion of such classification by technologic means 
must be considered.!^ ? 

The report of eight cases of well-characterized acute 
basophilic leukemia by Peterson and co-workers, in the 
current issue of the AJCP (pages 160—170) adds further 
to the complexity of this issue. Where do these cases fit 
into the FAB classification? Is a new subtype (M8 or 
M2Baso) needed to accommodate them? When are elec- 
tron microscopy and other technologies necessary in the 
*morphologic" classification of acute leukemia? The fol- 
lowing brief outline of the FAB subtypes, as described in 
1976, and modified in 1981, 1982, and 1985, will serve 
as a basis for discussing these questions.!*!4~'® 


OUTLINE OF FAB SUBTYPES 
Acute Lymphoblastic Leukemia (L1-L3) 


Based on morphology, immunology, and cytogenetics, 
L3 acute lymphoblastic leukemia (ALL) is clearly distinct 
from L1 and L2, which form a morphologic spectrum.* 
L2 is less differentiated than L1, requiring cytochemistry 
to distinguish it from myeloid leukemia: terminal trans- 
ferase and immunologic markers are used to confirm its 
lymphoid nature.’ It is of interest that when the FAB clas- 
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sification was initially proposed, the diagnosis of some 
cases of L2 ALL was made by exclusion of myeloid leu- 
kemia with the MPO stain, because B-cell and myeloid- 
specific antibodies were not in general use. 


Acute Myeloid Leukemia (M1-M6) 


Acute myeloid leukemia (AML) is divided into six 
subgroups (M1-M6), as defined by the original classifi- 
cation. M1, M2, and M3 are granulocytic in origin: M5a 
and M5b are monocytic: M4 is a hybrid of granulocytic 
and monocytic leukemia: M6 shows erythroid predomi- 
nance. 

Of the granulocytic leukemias, M1 shows little mor- 
phologic evidence of differentiation to granulocytes and 
may appear undifferentiated. It is considered granulocytic 
(myeloblastic without maturation) because of reactivity 
with the MPO stain and is separated from M2 (myelo- 
blastic with maturation) by finding less than 10% of cells 
at the promyelocyte stage and beyond. There is good ev- 
idence, from cytogenetics and immunology, that hyper- 
granular M3 and its microgranular variant (M3v) are dis- 
tinct from M1 and M2.'? 


Other Cell Lines and Morphologically 
Undifferentiated Leukemia 


It is not apparent from the original FAB proposals as 
to where rare cases with predominant maturation to ba- 
sophils and megakaryocytes fit into the classification. It 
was stated in the 1976 FAB paper that “in rare cases. 
almost all of the myelocytes, metamyelocytes, and mature 
granulocytes may be eosinophils."! Eosinophils also may 
be a component of a subset of M4 with a chromosome 
16 abnormality (M4Eo).”!° 

It also was not made evident in 1976 proposals as to 
how cases with a predominance of undifferentiated blasts 
should be categorized. Thus, acute leukemia with undif- 
ferentiated blasts and negative myeloid cytochemical re- 
actions appeared to “become” L2 ALL by default.’ Cur- 
rently, it is apparent that cases with undifferentiated blasts 
may be recognizable as (1) lymphoblastic or myeloblastic 
in nature, using immunologic markers or MPO activity 
on EM>"*:!2. (2) megakaryoblastic in nature, based on im- 
munologic markers or platelet peroxidase reactions by 
EM>!>15. (3) basophilic in derivation, as determined by 
electron microscopy (see Peterson and co-workers); or (4) 
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biphenotypic, as judged by immunologic or ultrastructural 
evidence of both lymphoid and myeloid differentia- 
tion.55?-1? 

Where do cases with megakaryocytic, “minimal my- 
eloblastic," and biphenotypic differentiation fit into the 
FAB classification? 


M7 (Megakaryoblastic) 


Cases with megakaryocytic differentiation (M7) have 
now been added to the original six FAB subtypes.!® This 
seems plausible, because in the original proposals, M1-3 
leukemias are granulocytic, M5 AML is monocytic, and 
M6 leukemia is erythroid. Some cases of megakaryoblastic 
leukemia (M7) show maturation to atypical megakaryo- 
cytes. However, other examples of M7 are morphologi- 
cally undifferentiated and must be studied with electron 
microscopy for platelet peroxidase activity or monoclonal 
antibodies to define them as such.?!* 


Early Myeloblastic (M0) 


The FAB group has not yet adopted “M0” as an official 
subtype, although this designation has appeared in the 
literature.^!? Cases that are so defined are morphologically 
undifferentiated and are negative with the MPO stain. 
They are identified as myeloid by the presence of appro- 
priate surface antigens, or demonstration of MPO by 
electron microscopy or anti-MPO antibodies.^? If these 
leukemias were officially defined as MO, they would add 
a fourth FAB subtype to those designated as having gran- 
ulocytic differentiation (i.e, MO, MI, M2, and M31). 


Biphenotypic Acute Leukemia 


A need also exists to define precisely a place in the FAB 
classification for cases in the literature that have been des- 
ignated as biphenotypic.55?.? Many of these are clearly 
lymphoid or myeloid by morphology and cytochemistry, 
and fit easily into one of the FAB subtypes. Nonetheless, 
they may show antigenic expression or ultrastructural ev- 
idence of both lymphoid and myeloid features. A smaller 
set of biphenotypic cases are morphologically undiffer- 
entiated or ambiguous, and rare examples appear to rep- 
resent a dual proliferation of distinct myeloid and lym- 
phoid cell lines. The latter two groups may deserve a sep- 
arate designation within the FAB proposals." 


ACUTE BASOPHILIC LEUKEMIA 


With this brief outline of the FAB classification as a 
background, we will now examine the eight cases of acute 
basophilic leukemia reported by Peterson and associates. 
These neoplasms were somewhat heterogeneous in terms 
of morphology, immunology, and chromosome altera- 


tions. Two showed evidence on Wright’s stain of matu- 
ration to basophils (cases 1 and 7). The remaining six 
lesions appeared to be morphologically undifferentiated, 
with the exception of a few “azurophilic or deep blue 
granules.” In all cases, basophil or mast cell differentiation 
was evident after ultrastructural examination. 

Where do these eight proliferations belong in the FAB 
classification? Should they be considered as granulocytic 
and placed in the categories of MO, M1, or M2, or do 
they deserve a separate designation of their own (M8)?? 

A case can be made for establishing a new category of 
M8 AML for acute basophilic leukemia, rather than 
*M2Baso," as recently suggested by Catovsky and asso- 
ciates.!? There is evidence that eosinophils and basophils 
have a common stem cell, and that basophils and mast 
cells may be derived from a marrow stem cell that is dis- 
tinct from neutrophils.” °? Thus, from a functional 
standpoint, it may be reasonable to assign acute basophilic 
and eosinophilic leukemias their own M designations, as 
is true of megakaryocytic (M7) leukemia. One could re- 
serve the designation ^M2Baso" for those cases of M2 
AML with neutrophilic differentiation and an associated 
increase in basophils, in analogy to M4Eo. If M2Baso is 
selected as an appropriate designation, only two of the 
eight cases described by Peterson and associates would 
meet the criteria for this entity: namely, those that showed 
definite conventional morphologic differentiation to ba- 
sophils. Would the case that showed only ultrastructural 
cytologic evidence of basophil differentiation, but was also 
MPO positive, be classified as an “M1 Baso”? Would the 
four cases with a negative MPO stain be classified as 
*MOBaso"? 

The above questions cannot be answered by this com- 
mentator. Nevertheless, well-defined and consistent 
placement of acute leukemias with basophilic differentia- 
tion is needed in the FAB proposals to facilitate mean- 
ingful communication between different investigators. 

It is of interest that among 46 well-characterized cases 
of lymphoid antigen-negative, acute, undifferentiated 
leukemia from three separate studies, basophil or mast 
cell granules were not observed by ultrastructural analy- 
sis.^^8 This fact implies that the findings reported by Pe- 
terson and co-workers may be extremely rare. Alternate 
explanations might be that the granules were not recog- 
nized in other ultrastructural studies or that cases were 
excluded if such cellular organelles were observed. 


WHEN ARE SPECIAL STUDIES NEEDED? 


How often must immunology, cytogenetics, and elec- 
tron microscopy be employed in the “morphologic di- 
agnosis" of acute leukemia? Table 1 summarizes those 
subtypes that can be comfortably diagnosed morpholog- 


A. J.C.P. © August 1991 
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TABLE 1. SPECIAL STUDIES IN THE MORPHOLOGIC 
(FAB) CLASSIFICATION OF ACUTE LEUKEMIA 


Poorly Differentiated or 


Morphologically Differentiated Undifferentiated 


Special Stains or Special Stains Immunology or 


Morphologic Immunology Are Critical to Electron Microscopy 
Exam Only Confirmatory Diagnosis Critical to Diagnosis 
M2 NSE MPO Immuno 
M3 M4 Mi Some L2 
M6 M4Eo M3v 
Acute Base*  M5b Immuno and/or EM 
cute Base NSE MO 
Immuno MSa M7* 

L1 and some L2 Biphenotypic 

L3 

M7* EM 

Acute Base* 


* With maturation 

* Without maturation. 

NSE = nonspecific esterase. 
MPO = Myeloperoxidase stain, 
Immuno = Immunologic studies. 
EM = Electron microscopy. 


ically, and those that require additional special studies. 
The appearances of the processes in the two left columns 
of Table ! are sufficiently characteristic that special stains 
and immunology are not critical, but may be useful, in 
the morphologic diagnosis using FAB proposals. Of 
course, it is now evident that special analyses, such as 
immunology, cytogenetics, and (possibly) molecular 
techniques provide additional prognostic or therapeutic 
information beyond that obtained from strict morphologic 
classification of several subtypes of acute leukemia.*!°!° 
Cytogenetics also may be helpful in confirming the nature 
of some cases of M3 and M3v.'? The proliferations in the 
far right column of Table 1 are morphologically undif- 
ferentiated or poorly differentiated, and thus clearly re- 
quire special studies that go beyond the original FAB 
proposals to establish a “morphologic” diagnosis. These 
leukemias also are relatively uncommon. Because im- 
munology and electron microscopy are not available in 
all hematology laboratories for the diagnosis and therapy 
of acute leukemia, these cases should be referred to in- 
stitutions with the necessary facilities to study them thor- 
oughly. This step would optimize the procurement of new 
information pertaining to the pathobiology of hemato- 
poietic malignancies. 


FRED R. Dick, M.D. 

Department of Pathology 

University of Iowa Hospitals and Clinics 
Iowa City, Iowa 
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In 1921, Regaud and Schminke independently de- 
scribed a neoplasm occurring in the nasopharynx, char- 
acterized by anaplastic cells surrounded by many lym- 
phoid cells. This tumor has come to be known as “lym- 
phoepithelioma."!? The nuclear features of the neoplastic 
cells in this lesion are distinctive, with a large, vesicular 
nucleus containing a single, prominent nucleolus. Al- 
though the cytoplasmic features are variable, the cellular 
borders often are indistinct, imparting a syncytial char- 
acter to the neoplasm. The tumor cells may be arranged 
in nests (Regaud pattern) or as isolated cells (Schmincke 


pattern), but a definitional characteristic of the tumor is 


the presence of an intense lymphoid infiltrate, which has 
been characterized as primarily T-cell in nature. Light 
microscopic, electron microscopic, and immunologic 
studies of this neoplasm have confirmed its epithelial or- 
igin, and the term “lymphoepithelioma” gradually is being 
replaced by the designation of “‘undifferentiated carci- 
noma with intense lymphoid stroma." It is classified by 
the World Health Organization, along with squamous cell 
carcinoma and nonkeratinizing carcinoma (which lack a 
prominent lymphoid infiltrate and often possess desmo- 
plasia), as a subtype of nasopharyngeal carcinoma.? Lym- 
phoepithelioma (LE) comprises the largest category of 
neoplasms within the spectrum of nasopharyngeal car- 
cinoma, tends to occur at an earlier age, favors Asian 
populations, is generally more radioresponsive, and pos- 
sibly has a higher survival rate than the other types of 
nasopharyngeal carcinoma. 

Epstein-Barr virus (EBV) was first identified in 1964 
in cultured Burkitt's lymphoma cells and has since been 
associated with a wide variety of malignant lymphomas. 
These include B-cell lymphoma, T-cell lymphoma, and 
Hodgkin's disease, as reviewed elsewhere.^ A specific re- 
lationship between LE and EBV was first suspected on 
the basis of serologic studies.? For example, high titers of 
antibodies against EBV are found in patients with LE, 
and a correlation is evident between the level of titer and 
tumor burden. Gaffey and Weiss? and Zur Hausen and 
others® identified EBV-DNA in a higher percentage of 
tumors by nucleic acid hybridization studies, and others 
have localized EBV nuclear antigen to the carcinoma cells. 
Subsequently, we’ and others® demonstrated EBV nucleic 
acids within the neoplastic cells, but not in adjacent lym- 
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phocytes. LEs from all analyzed ethnic groups, including 
Asians, Caucasians, and blacks, have been found to con- 
tain EBV. Interestingly, nonkeratinizing carcinoma of the 
nasopharynx also has been shown to harbor EBV ge- 
nomes.* 

Carcinomas with morphologic features that are iden- 
tical to those of LE only rarely occur outside of the na- 
sopharynx, usually being seen in locations derived from 
the embryonic foregut. LE-like carcinomas have been re- 
ported in the tonsil,’ salivary gland,!°"!? thymus, lung, '4 
and stomach." '" These tumors are particularly uncom- 
mon in tissues that are not derived from the foregut, such 
as the skin!? and uterine cervix.'? Given the association 
between EBV and nasopharyngeal LE, many of these LE- 
like carcinomas also have been studied for the presence 
of EBV. LE-like carcinoma of the salivary gland (“malig- 
nant lymphoepithlial lesion") is a rare tumor with a pre- 
dilection in Eskimos (justifying the synonym “eski- 
moma") and natives of Southern China. In 1982, Sae- 
mundsen and colleagues! reported the first salivary 
glandular LE-like carcinoma associated with EBV, iden- 
tifying EBV genomes in an “undifferentiated” carcinoma 
from a Greenland Eskimo. Another group has confirmed 
these findings.’ It should be noted that Eskimos also have 
a high incidence of LE of the nasopharynx, which occurs 
at a rate more than 15 times that of white persons in this 
context. 

Since the latter report, other cases of EBV-positive LE- 
like carcinomas have been described in other organs. For 
example, Leyvraz and colleagues? reported a thymic LE- 
like carcinoma, in a Hispanic patient, which expressed 
EBV-associated nuclear antigen and contained several 
copies of viral genome. Butler and colleagues!* described 
a case of pulmonary LE-like carcinoma in an Asian patient 
that similarly contained EBV genomes, as seen by in situ 
hybridization. Nonetheless, it appears that not all LE-like 
carcinomas harbor EBV genomes. We examined a series 
of 6 LEs of the nasopharynx and 14 LE-like carcinomas 
occurring in other organs, with a sensitive in situ hybrid- 
ization technique.’ Although we were able to demonstrate 
EBV genomes in all 6 cases of LE of the nasopharynx, 
we found EBV in only one LE-like carcinoma (the LE- 
like carcinoma of the lung described above, from Butler’s 
series'*), Other LE-like carcinomas of the skin, cervix, 
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palatine tonsil, floor of the mouth, and lung, all occurring 
in white persons were negative for EBV. 

In 1990, Burke and associated? reported the first case 
of LE-like carcinoma that arose in the stomach. The tumor 
occurred in a 71-year-old Filipino man and was a 3-cm 
mass with serosal extension and metastasis to local lymph 
nodes and the liver. Histologically, the lesion resembled 
LE of the nasopharynx, without discernible glands or tu- 
bules. EBV was detected in that tumor with the poly- 
merase chain reaction, but it was absent in a conventional 
poorly differentiated gastric adenocarcinoma that also had 
a pronounced lymphoid reaction. In the current issue of 
the AJCP, Min and colleagues! report three additional 
cases of LE-like carcinoma of the stomach. These neo- 
plasms microscopically resembled LE of the nasopharynx, 
although one case showed foci of gland formation in the 
superficial portion of the tumor that suggested a relation- 
ship to poorly differentiated adenocarcinoma. In likeness 
to the case of Burke and associates,'° all three neoplasms 
were positive for EBV genomes using the polymerase 
chain reaction. 

In the study by Min and co-workers, in situ hybridiza- 
tion studies were performed but were reported as equivocal 
or negative. Thus, the cellular localization of the EBV in 
such cases is unclear. Min and colleagues suggested that 
in situ hybridization studies may be insufficiently sensitive 
to detect EBV genomes in these neoplasms. However, 
they used an in situ hybridization method that is based 
on a nonisotopically labeled probe, which, in our hands, 
has been found to be relatively insensitive for the detection 
of EBV genomes. It is notable that Min and colleagues 
did not use positive-control tissue (such as an EBV-pos- 
itive LE of the nasopharynx) to assess the sensitivity of 
their technique. 

We recently studied a series of eight gastric LE-like car- 
cinomas, including seven from Japanese patients, using 
the polymerase chain reaction and in situ hybridization. 
Seven of these cases contained detectable EBV genomes, 
as seen with the polymerase chain reaction. Six of the 
positive cases (including one lesion from a white patient 
also were studied by in situ hybridization. With *°S-ra- 
diolabeled probes, EBV was detected in the tumor cells 
in each case, but it was not present in the reactive lym- 
phoid infiltrate. The quantity of EBV present per tumor 
cell was roughly similar to that seen 1n positive cases of 
nasopharyngeal LE, as evaluated with an identical tech- 
nique in a previous study. Thus, it does appear that the 
EBV is associated directly with this rare gastric neoplasm. 

At the present time, one can only speculate on the role 
of EBV in the pathogenesis of LE of the nasopharynx and 
LE-like carcinomas in other organs. Our in situ hybrid- 
ization studies have shown a relatively homogeneous dis- 
tribution of EBV in all tumor cells, both in primary lesions 


and their metastases. Furthermore, analysis of the terminal 
region of the EBV genome in nasopharyngeal LE has re- 
vealed a single EBV episomal population in any given 
case. This provides evidence that this tumor (in likeness 
to most EBV-associated lymphomas) probably represents 
a monoclonal expansion of a single EBV-infected pro- 
genitor cell and not a "passenger" infection that manifests 
after the tumor has become established.”° 

Any model explaining the role of EBV in these neo- 
plasms must address their peculiar geographic and racial 
predilections and anatomic locations. As mentioned 
above, nasopharyngeal LE 1s more common in Asia than 
in Western countries. It is also possible that thymomas 
occurring in Asia, in contrast to those seen in the United 
States may be associated with EBV. Nonetheless, confir- 
matory in situ hybridization studies on thymic tumors 
have not yet been reported. Environmental factors that 
are geographically related to this distribution may include 
exposure to tumor promotors such as croton oil and tung 
oil. These substances are found in trees endemic to 
Southern China. On the other hand, the predilection may 
be a racial one, because both LE and LE-like carcinomas 
appear to arise more commonly in Asian people. It is 
conceivable that Asians may have more EBV receptors 
on epithelial cells, making infection of such cells more 
likely. To date, EBV-positive LE and LE-like carcinomas 
have been identified only in the nasopharynx, salivary 
gland, lung, thymus, and stomach, all of which are foregut- 
derived structures. EBV normally infects pharyngeal ep- 
ithelial cells and is often found in salivary gland tissue. 
Hence, the presence of EBV-positive tumors in the na- 
sopharynx and the salivary gland is not surprising. How- 
ever, it is difficult to envision direct spread of the virus 
from those sites to the thymus. It is possible, that EBV is 
carried in latently infected B lymphocytes to this organ 
because a small resident population of B cells normally 
is present in the thymus. Infection of epithelial cells in 
the lung or stomach conceivably could occur through 
contiguous spread or viral carriage in lymphccytes. It is 
interesting to note that a low level of EBV was identified 
in each of three gastric adenocarcinomas studied by Min 
and associates using the polymerase chain reaction. It may 
be possible that the gastric epithelium also is a reservoir 
for EBV. Alternatively, the positivity could have been de- 
rived from EBV-positive lymphocytes. 

One final question centers on why EBV is associated 
with a tumor having a specific morphologic pattern— 
anaplastic cells arranged in a syncytial pattern with an 
exuberant lymphocytic infiltrate. The lymphoid reaction 
could be a direct response to the virus, or, more likely, to 
virally induced antigens expressed on the neoplastic cells. 
Several viral proteins are detectable on latently infected 
cells, including a membrane constituent that probably 
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represents a target for cytotoxic host T cells. When EBV 
infects lymphocytes, blastic transformation often occurs. 
Perhaps the anaplastic appearance of LE cells represents 
an equivalent phenomenon in epithelial cells. Neverthe- 
less, these and other speculations must await additional 
studies of both EBV and virus-associated tumors. 
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Acute Basoplniliic Leukemia 


A Clinical, Morphologic, and Cytogenetic Study 
of Eight Cases 


LoANN C. PETERSON, M.D.,!'^ JANET L. PARKIN, B.A.,? DIANE C. ARTHUR, M.D./ 
AND RICHARD D. BRUNNING, M.D.’ 


The authors describe eight cases of acute basophilic leukemia. 
In six of the eight cases, basophilic involvement was not apparent 
by light microscopic examination. The cases were identified on 
the basis of ultrastructural evidence for basophil/mast cell dif- 
ferentiation of the blasts with little or mo differentiation into 
other lineages. Ultrastructural analysis revealed immature ba- 
sophil granules im blasts im all eight cases and theta granules in 
blasts in four cases. In three cases, ultrastructural! evidence of 
mast cell differentiation also was present, with rare cells showing 
evidence for both basophil and mast cell differentiation. No clin- 
ical features distinguished this group of patients from others 


Increased numbers of basophils are characteristic of cer- 
tain types of leukemia. Basophils are increased in the 
chronic phase of chronic myeloid leukemia and may be- 
come more prominent with disease progression, including 
blast crisis.! An increase in the number of basophils also 
has been found in a subset of acute myeloid leukemia 
that is marked by a chromosomal translocation involving 
the short arm of chromosome 6 and the long arm of chro- 
mosome 9: t(6;9)(p23;q14).? Basophilia in acute myeloid 
leukemia also has been associated with abnormalities of 
the short arm of chromosome 12.? In these instances, the 
increase in basophils represents only a small component 
of the leukemic process. Leukemias that involve the ba- 
sophil lineage exclusively are rare* and are not well char- 
acterized. 
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with acute myeloid leukemia. Cytogenetically, the cases were 
heterogeneous. Three had a Philadelphia chromosome; none had 
a t(6;9). The authors conclude that ultrastructural analysis usu- 
ally must be used to diagnose acute basophilic leukemia, that 
acute basophilic leukemia is associated frequently with the Phil- 
adelphia chromosome, and that the ultrastructural findings pro- 
vide evidence for a common origin of basophils and mast cells. 
(Key words: Basophilic leukemia; Basophils; Acute myeloid leu- 
kemia; Philadelphia chromosome; Mast celis) Am J Clin Pathol 
1991;96:160-170 


In this report, we describe eight patients with acute ba- 
sophil/mast cell leukemia and conclude that this type of 
leukemia usually requires ultrastructural analysis for di- 
agnosis, frequently is associated with the presence of the 
Philadelphia chromosome, and provides evidence for a 
common origin of basophils and mast cells. 


MATERIALS AND METHODS 


The cases for this study were selected from 455 patients 
who presented with acute leukemia and had ultrastruc- 
tural analysis performed on their leukemic blasts. Eight 
cases were identified as acute basophilic leukemia on the 
basis of ultrastructural evidence of basophil/mast cell dif- 
ferentiation of the blasts with little or no differentiation 
into other lineages. The cases also were examined by light 
microscopy and remained in the study only if the mor- 
phologic findings confirmed the basophil differentiation 
observed ultrastructurally or if the blasts appeared undif- 
ferentiated. Patients with a previous history of chronic 
myeloid leukemia, Down’s syndrome, or systemic mas- 
tocytosis were excluded from the study, as were those with 
evidence of a panmyelopathy. 

In all eight cases, Romanowsky-stained pretreatment 
bone marrow aspirate smears were examined. In seven 
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cases, blood smears and core biopsy specimens also were 
examined. Available cytochemical studies included my- 
eloperoxidase (eight cases), Sudan Black B (seven cases), 
periodic acid-Schiff (seven cases), toluidine blue (six cases), 
and chloroacetate esterase (two cases). The blasts in seven 
cases were tested for terminal deoxynucleotidyl transferase 
(TdT) by an immunofluorescence technique using a rabbit 
anti-TdT antibody (Supertech, Bethesda, MD).? In ad- 
dition, a cervical lymph node biopsy specimen from one 
case was reviewed; studies performed on this biopsy spec- 
imen included chloroacetate esterase and toluidine blue 
stains and immunostaining for lysozyme, alpha-1-anti- 
chymotrypsin, and Leu-M1. 

Immunophenotypic analysis was performed on blood 
or bone marrow in three cases by flow cytometry and on 
frozen sections of a lymph node in one case, with the use 
of methods described previously. 5 In one case, the im- 
munoalkaline phosphatase technique was used to im- 
munophenotype a blood smear.? 

Electron microscopic studies were performed on buffy 
coats from blood in three cases, bone marrow in three 
cases, and blood and bone marrow in two cases. In one 
case, a lymph node biopsy specimen also was examined 
electron microscopically. Fresh blood, bone marrow, and 
lymph node were processed for routine electron micro- 
scopic examination according to methods described pre- 
viously.'? Ultrastructural localization of peroxidase was 
performed in four cases. Cells were fixed for 30 minutes 
in 0.5% buffered glutaraldehyde at 0 °C and then incu- 
bated for one hour at room temperature in a reaction 
solution containing 2 mg/mL diaminobenzidine tetra- 
hydrochloride and 0.01% hydrogen peroxide. Specimens 
then were postfixed in 1% buffered osmium tetroxide and 
processed routinely for electron microscopic examination. 

Identification of basophil and mast cell granules by 
electron microscopic examination was based on their dis- 
tinctive ultrastructural appearance.!'? Mature basophil 
granules are membrane bound, are 0.1-0.4 um in di- 
ameter, and contain an orderly arrangement of granulo- 
filamentous material. The mature granules have an overall 
speckled appearance. Frequently, the water-soluble ba- 
sophil granule contents are extracted partially during 
specimen preparation, leaving membrane-bound, clear, 
vacuolar structures. Many granules also contain electron- 
dense myelin figures. Immature basophil granules resem- 
ble mature granules except that the granular contents are 
not as electron dense or as tightly packed. Theta granules, 
which have been associated with very early basophil dif- 
ferentiation,'®'? are membrane bound, 0.1-0.2 um in di- 
ameter, and internally bisected by one or more electron- 
dense membranes. Mast cell granules contain electron- 
dense crystalline material arranged in a pattern of scrolls 
and lamellae, with an internal periodicity of approxi- 


mately 7 um. Glycogen-like particles are often interspersed 
between the scrolls and lamellae. Immature mast cell 
granules contain pale, amorphous material and loosely 
packed primitive scrolls and lamellae. 

Cytogenetic studies of fresh heparinized bone marrow 
were performed in seven cases, according to methods de- 
scribed previously.!^ In the remaining case, blood was ex- 
amined. Slides were made from direct preparztions, 24- 
hour unstimulated cultures, and 24-hour methotrexate- 
synchronized cultures. Chromosome spreads were G- 
banded with the use of the Wright’s technique of Sanchez 
and associates.'!> Metaphase spreads were ana!yzed fully 
at the microscope. Multiple photographs were taken on 
high-contrast film, and karyotypes were constructed in 
the usual fashion. Karyotypes were designated according 
to the International System for Human Cytogenetic No- 
menclature (1985),!© and abnormal clones were defined 
as specified at the Second International Workshop on 
Chromosomes in Leukemia. 


RESULTS 


Patient Characteristics 


Five patients were male, and three were female. Thei- 
ages ranged from 9 to 82 years; two patients were younger 
than 16 years old. Table 1 summarizes the clinical features. 
including presenting symptoms and physical findings, in 
the eight cases. Seven patients were treated with intensive 
chemotherapy (one received supportive therapy only). Of 
the seven treated patients, one underwent a bone marrow 
transplant. Four patients entered complete remission, two 
did not achieve remission, and one was lost to follow-up. 
Survival lengths ranged from 1 to 63+ montis. 


Laboratory Parameters 


The laboratory parameters are summarized in Table 2. 
The leukocyte counts ranged from 2.8 to 144 X 10?/L.. 
All patients except one were anemic, and all were throm- 
bocytopenic. Bone marrow blast percentages ranged from 
33 to 99%. Three patients had peripheral basophilia, ard 
three had marrow basophilia. 


Light Microscopy 


The light microscopic appearance of the blasts and the 
degree of maturation varied considerably from case :o 
case. The nuclear contours of the blasts varied from round 
or oval to lobulated or deeply indented. Nucleoli often 
were prominent. The cytoplasm was scant to moderate 
and lightly basophilic. In one case, many of the blasts 
contained cytoplasmic vacuoles. There were no Auer rods 
in any of the cases. In three cases (cases 5, 6, and 8), the 
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TABLE 1. CLINICAL FEATURES IN EIGHT CASES OF ACUTE BASOPHILIC LEUKEMIA 
Case Presenting 
No. Age/Sex Symptoms Physical Findings Therapy Outcome 
H 9/F Weakness, bruising Hepatosplenomegaly Adriamycin®, cytosine No remission 
arabinoside Survival 54 days 

2 13/M Fever, sore throat, Orbital edema, cervical Cytosine arabinoside Remission obtained 
cough lymphadenopathy, and daunorubicin (2 Survival 63+ months 

splenomegaly courses), whole-brain 
irradiation, 
5-azacytidine 

3 82/M Night sweats, Hepatomegaly Supportive Survival | month 
bruising 

4 28/M Fever, fatigue Cervical Cytosine arabinoside, No remission. Bone marrow 

lymphadenopathy, 6-thioguanine, transplantation done. Died at 21 
mediastinal mass prednisone, months of graft-versus-host and residual 
daunorubicin, leukemia. 
vincristine, L- 
asparaginase 

5 51/M Fatigue, cough, Hepatosplenomegaly Daunorubicin, cytosine Obtained remission in 2 months. Had a 

back pain arabinoside, relapse. Second remission with cytosine 
6-thioguanine, arabinoside and L-asparaginase. Had a 
vincristine, relapse and died at 26 months. 
prednisone 

6 35/M Malaise, headache, No organomegaly Daunorubicin, cytosine Remission in 5 weeks. Had a relapse 4 
fever, chills, arabinoside, months later. Chemotherapy repeated. 
diarrhea 6-thioguanine, Remission achieved but patient died at 

intrathecal 7 months of infection. 
methotrexate, 
prednisone 

7 26/F Bruising, gingival No organomegaly Cytosine arabinoside, Remission achieved after 4 months. Lost 
bleeding daunorubicin to follow-up. 

8 31/F 36 weeks pregnant, Splenomegaly Adriamycin, vincristine, Remission in 4 weeks, Had a relapse in 1 
bruising, prednisone, week. Remission in 2 months after L- 
epistaxis, intrathecal asparaginase, intravenous methotrexate, 
fatigability methotrexate, cranial cytosine arabinoside, etoposide. Had a 

irradiation relapse in 1 month. No remission 


achieved after high-dose methotrexate 
with leucovorin rescue and etoposide. 
Died at 11 months. 


blasts were agranular and there was no evidence of ba- 
sophil differentiation (Fig. 1). Mature basophils were rare 
or absent in the bone marrow and blood in these examples. 
In three cases (cases 2, 3, and 4), a rare or occasional blast 
contained several cytoplasmic granules that appeared 
azurophilic or deep blue (Fig. 2). Morphologically, some 
of these granules resembled those of mature basophils; 


however, mature basophils either were not apparent or 
there were only a few in the specimen, constituting 0— 
1.6% of the total nucleated bone marrow cells. In two 
other cases (cases 1 and 7), occasional blasts with baso- 
philic granulation were accompanied by cells showing dif- 
ferentiation into mature basophils/mast cells (Fig. 3). In 
these two cases, basophils (mature and immature, ex- 


TABLE 2. HEMATOLOGIC PARAMETERS IN EIGHT CASES OF ACUTE BASOPHILIC LEUKEMIA 


Platelet Leukocyte % Basophils % 
Case Hemoglobin Count Count Blasts 
No. g/dL X10?/L X10*/L Blood Marrow Marrow 
] 2:3 16.0 8.3 8 19 64 
2 T 64.0 144.0 0 0 80 
3 8.7 13.0 2.8 0 1.6 71 
4 13.4 145.0 6.9 0 0 41 
5 7.4 38.0 42.8 0 0 93 
6 10.8 29.0 98.4 0.4 ] 90 
7 8.8 48.0 35.0 57.0 26 33 
8 11.1 20.0 21.0 NA 0 99 
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FiG. 1 (upper, left). Leukemic blasts from patient 5. The blasts 
are agranular, with no evidence of basophil differentiation by 
light microscopy. Wright's-Giemsa (X630). 


FIG. 2 (upper, right). Leukemic blasts from patient 3. Occasional 
blasts contain several cytoplasmic granules; however, maturation 
into mature basophils is not apparent. Wright's-Giemsa (X630). 


Fic. 3 (lower). Leukemic cells from patient 7 showing prominent 
basophil differentiation. Wright's-Giemsa (X1,000). 
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TABLE 3. CYTOCHEMICAL AND TdT CHARACTERISTICS OF THE BLASTS IN EIGHT CASES 
OF ACUTE BASOPHILIC LEUKEMIA 


Case Myeloperoxidase Sudan Black B 
No. (% positive) (% positive) 

l Post (% NA) Pos (9095) 

2 Pos (38%) Pos (64%) 

3 Neg Neg 

4 Neg Neg 

5 Neg Neg 

6 Neg Not done 

7 Neg Neg 

8 Neg Neg 


PAS TdT 
(% positive) Toluidine Blue (% positive) 
Neg Neg Not done 
Neg Neg Neg 
Neg Neg Neg 
Pos (47%) Equivocal Neg 
Neg Neg Pos (90%) 
Not done Not done Neg 
Neg Equivocal Pos (10%) 
Pos (% NA) Not done Pos (80%) 





PAS = periodic-acid Schiff; TdT = terminal deoxynucleotidyl transferase; Pos = positive; NA = not available; Neg = negative. 


cluding blasts) were increased prominently in the bone 
marrow and blood (Table 2). 

Mild morphologic abnormalities involving the neutro- 
phils and mild eosinophilia were identified in one case 
(case 1). Erythropoiesis and megakaryocytopoiesis, al- 
though decreased, appeared morphologically normal in 
all patients. 

In ail cases, the sections were significantly hypercellular 
and diffusely infiltrated by blasts. Basophils were increased 
in number in the sections from the patients who also had 
aspirates with increased numbers of basophils. Reticulin 
stains performed on biopsy specimens from five patients 
(cases 2, 3, 4, 5, and 7) showed a moderate diffuse increase 
in fibrosis in two patients (cases 4 and 7). 


Cytochemistry and TdT Results 


Table 3 shows the results of cytochemical and TdT 
immunofluorescence studies. Staining for myeloperoxi- 
dase was performed in all eight cases. In six, the blasts 
were negative; in two, they were positive. Similar results 
were found in the seven cases tested with Sudan Black B. 
The blasts were negative for periodic acid-Schiff in five 
cases and positive in two cases. The blasts were negative 
or equivocal in six cases tested with toluidine blue. When 
mature basophils were present, the granules were distinctly 
metachromatic. In the two cases tested (cases 3 and 4), 
the blasts had negative results for chloroacetate esterase. 
Seven cases were tested for TdT. In four, the blasts were 
negative; in the remaining three, they were positive, with 
an interpretable fluorescent signal seen in 10-90% of the 
blasts. 


Immunophenotypic Analysis 


The results of the immunophenotypic analysis are 
shown in Table 4. In three patients (cases 4, 5, and 7), 
the immunophenotype of the leukemic cells was consis- 
tent with myeloid differentiation. In one patient (case 8), 
the initial immunophenotypic analysis was non-T, non- 
B, common acute lymphoblastic leukemia antigen posi- 


tive; the blasts were also TdT posittve. The blasts from 
this case contained the t(9;22) chromosomal abnormality. 
On the basis of the immunophenotypic evidence of a 
lymphoid process and the ultrastructural evidence of a 
myeloid component, this case could be viewed as bi- 
phenotypic. 


Cytogenetic Findings 


The cytogenetic findings are summarized in Table 5. 
Twenty or more metaphase cells were obtained in seven 
of the eight cases. Two patients were karyotypically nor- 
mal. One patient had an acquired trisomy 21 clone, and 
one patient had a deletion of the distal long arm of chro- 
mosome 7. The remaining three patients had a Philadel- 
phia chromosome arising from the common 9;22 trans- 
location. Two of the three patients with a Philadelphia 


TABLE 4. RESULTS OF IMMUNOPHENOTYPIC ANALYSIS OF 
FOUR CASES OF ACUTE BASOPHILIC LEUKEMIA 


Antigen Case 4 Case 5 Case 7 Case 8 
CDI —* ND ND ND 
CD2 ND ND ND — 
CD3 — ND ND ND 
CD4 — ND ND ND 
CDS ND ND — ND 
CD7 +f ND + ND 
CD8 — ND ND ND 
CD9 + — + + 
CD10 + + ND + 
CD11b ND — ND ND 
CD13 ND ND — ND 
CDi4 ND — — ND 
CD15 ND — ND ND 
CD19 + ND ND ND 
CD24 — ND — t 
CD33 + + + ND 
CD34 ND + ND ND 
CD61 ND — ND ND 
HLA & DR t ND + + 

ND = not done. 

* Negative for the antibody tested. 

t Positive for the antibody tested. 
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TABLE 5. CYTOGENETIC FINDINGS IN EIGHT CASES OF ACUTE BASOPHILIC LEUKEMIA 





Number of Metaphases 
Analyzed 
Case Speciment 
No. Type Total Normal | Abnormal Karyotype 
l Marrow No analyzable material 
2 Marrow 20 18 2 46, XY/47,XY,+21 
Blood 10 8 2 46,XY/471,XY,+21 
3 Marrow 20 20 0 46,XY 
4 Marrow 20 20 0 46,XY 
5 Marrow 36 22 14 46,XY/46,XY ,del(7)(032) 
6 Marrow 20 0 20 47 XY,+8,1(9;22)(q34;q11) 
7 Blood 26 3 23 3 = constitutional: 46,X X, inv(9)(pl 1313) 
11 = clone 1: 46,XX, inv (9)(pl 1q13),t(9;22)Xq34;q1 1) 
12 = clone 2: 46,X X inv(9)(pl 1q13),t(9;22)(q13;q11) 
8 Marrow 20 14 6 14 = 46,XX 


3 = clone 1: 46,.XX,+X,—9,—9,—22,del 1 1(q13), +der(9)t(9;22)(q34; ql 1), +mar 
? = clone 2: 47.XX,+X,—9,del( 1 1)(q13),t(9;22)(q34; q1 1), +der(22)t(9:22)(q34; q1 1) 
| = nonclonal: 49.XX,+X,+17,t(9:22q34; q11),+der(22)t(9;22)(q34;q! 1) 


chromosome (cases 6 and 8) also had other acquired ab- 
normalities, and one (case 7) had a second different ab- 
normal clone. 


Ultrastructural Morphologic Characteristics 


In this group of leukemias, the blast cells were extremely 
heteromorphic with regard to cell size, nuclear configu- 
ration, and organelle content. The ultrastructural mor- 
phologic characteristics of the blasts varied within and 
between individual cases. The blast cells often had a lym- 
phoid appearance, with round, indented, or irregular nu- 
clei; moderately condensed chromatin; prominent nu- 
cleoli; and a high nuclear cytoplasmic ratio. The cytoplasm 
contained mitochondria, rare profiles of rough endo- 
plasmic reticulum, a large Golgi area, granules, and (oc- 
casionally) large accumulations of glycogen. Other blasts 
were myeloid in appearance and were characterized by 
round nuclei, finely dispersed chromatin, and large nu- 
cleoli. The cytoplasm was moderate in amount and con- 
tained rough endoplasmic reticulum, a prominent Golgi 
complex, and granules. 

In all eight cases, ultrastructural evidence of basophil 
differentiation was present in the blast cell population. In 
addition to basophil differentiation, evidence of mast cell 
differentiation was found in three of the eight cases. The 
percentage of blasts showing features of basophil and/or 
mast cell differentiation was variable, ranging from 20% 
(case 7) to 90% or greater (cases 1, 2, 4, and 5) (Table 6). 
The blasts exhibited little or no differentiation along other 
cell lines. 

Three types of granules were observed in the blast cells: 
immature basophil granules, theta granules, and immature 
mast cell granules. Immature basophil granules (Fig. 4) 
were present in 1-90% of the blasts in all eight patients. 
The granules were membrane bound and occasionally 


contained pale, speckled material. Often, the granules were 
electron lucent and appeared to have been extracted. Both 
the immature and more typical mature basophi! granules 
could be seen in the same cell. Immature basophil granules 
usually were peroxidase positive in a characteristic speck- 
led pattern (Fig. 4, inset). Both peroxidase-positive and - 
negative granules were present in the leukemic cells, often 
adjacent to each other. 

In four cases, theta granules were present in less than 
5-75% of the blasts. The theta granules, usually grouped 
in the Golgi area of the cell, were membrane bound, con- 
tained pale amorphous material, and were internally bi- 
sected by an electron-dense membrane (Fig. 5). Theta 
granules have been associated with basophil differentia- 
tion,!? but, in this series of patients, they were never the 
exclusive evidence for basophil differentiation: all cases 
had immature basophil granules in addition to theta 
granules. Most often, the blasts contained only theta 
granules, although rare cells contained theta granules and 
immature basophil granules. Theta granules usually were 
peroxidase negative, although in rare granules the bisecting 


TABLE 6. ULTRASTRUCTURAL FEATURES OF THE BLASTS 
IN EIGHT CASES OF ACUTE BASOPHILIC LEUKEMIA 





Immature 

Case Basophil Theta Immature Mast 
No. Granules* Granules* Cel! Granules* 

l 15% <5% 75% 

2 15% 75% Absent 

3 1% 75% Absent 

4 90% <5% Absent 

5 90% Absent Absent 

6 10% Absent 30% 

7 20% Absent Absent 

8 10% Absent 40% 


* Percentage of blasts with this morphologic feature. 
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FIG. 4 (lefi). Bone marrow blast from patient 4 containing several large cytoplasmic granules. The granule contents vary from pale and flocculent to 
moderately electron-dense, with a central electron-density. Uranyl acetate, lead citrate (x14,000). Inset. Higher magnification micrograph of two 


peroxidase-positive granules. Lead citrate (X28,000). 


FiG. 5 (right). Blast from the blood of patient 2 illustrating theta-type granules. Uranyl acetate, lead citrate (X15,000). Inset. A theta granule from 
the bone marrow of patient 3 shows electron-dense peroxidase reaction product along the internal bisecting membrane. Lead citrate (x41,000). 


membrane was positive (Fig. 5, inset); some cells con- 
tained peroxidase-negative theta granules intermixed with 
peroxidase-positive granules. 

In three cases, immature mast cell granules were present 
in 30-75% of the blasts. Usually, the blasts contained ba- 
sophil or mast cell granules, although in one case (case 6) 
rare blasts with both types of granules were observed (Fig. 
6). The immature mast cell granules were located in the 
Golgi area and often were encircled by profiles of rough 
endoplasmic reticulum. Granule contents were charac- 
terized by primitive scrolls and lamellae surrounded by 
pale amorphous material (Fig. 6, inset). Ultrastructural 
localization of peroxidase showed that the mast cell gran- 
ules were uniformly peroxidase negative, whereas the 
Golgi apparatus rarely contained small peroxidase-positive 
vesicles. 

In addition to basophil/mast cell blast differentiation, 
maturation of leukemic cells to more mature and fully 
mature basophils and mast cells occurred in four cases 


(cases 1, 3. 4, and 7). The more mature mast cell precur- 
sors were spindle-shaped cells with irregular nuclei and 
multiple, small nucleoli. The abundant cytoplasm was 
elongated, and mast cell granules usually were located at 
one pole of the cell. The granule content was moderately 
electron dense and contained well-developed scrolls and 
lamellae. Immature basophils were characterized by round 
to lobulated nuclei with condensed chromatin and small 
nucleoli. The cytoplasm contained immature and mature 
basophil granules. 


Lymph Node Biopsy Specimen 


The cervical lymph node biopsy specimen from one 
patient (case 4) showed near-total effacement, with rare 
residual lymphoid follicles. The node was diffusely infil- 
trated by leukemic blasts (Fig. 7A). The blasts were small, 
with round, oval, or slightly irregular nuclei. The chro- 
matin was finely dispersed, and frequent single prominent 
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FIG. 6. Blast from the blood of patient 6 contains both basophil granules ( 
acetate. lead citrate (x 34,000). Inset. High magnification of a mast cell granu 


Uranyl acetate, lead citrate (64,000). 


nucleoli were evident. Mitoses were numerous. Immature 
eosinophils were not apparent. The blasts were negative 
for chloroacetate esterase, toluidine blue, lysozyme, alpha- 
|-antichymotrypsin, and Leu-M1. 

Ultrastructural studies revealed diffuse infiltration by 
blasts. with no evidence of cell junctions. The nuclei were 
round to deeply indented and contained prominent, single 
nucleoli and finely dispersed chromatin. The cytoplasm 
was moderate in amount and contained abundant poly- 
ribosomes, rare linear profiles of rough endoplasmic re- 
ticulum, numerous mitochondria, and a prominent Golgi 
zone. Approximately 10% of the blasts contained large 
immature basophil granules, usually located in the Golgi 
area of the cytoplasm (Fig. 7B). The granule contents var- 
ied from pale to moderately electron dense. 


DISCUSSION 


In this report, we describe eight patients with acute ba- 
sophilic leukemia. The cases were selected from 455 cases 
of acute leukemia that were examined by electron mi- 


double arrows) and mast cell granules (arrow) in the cytoplasm. Uranyl 
le from the same patient showing the characteristic scrolls and lamellae 


croscopy. Cases exhibiting ultrastructural evidence of ba- 
sophil differentiation of the blasts were classified as acute 
basophilic leukemia. 

In two of the eight cases, prominent basophil differ- 
entiation of the blasts was evident by light microscopic 
examination, and basophils were increased in both the 
blood and marrow. In the other six cases, basophils were 
rare or absent; basophilic involvement was not apparen' 
until ultrastructural features were examined. In some o! 
these latter six cases, rare to occasional blasts contained 
a few granules that could have represented basophil gran- 
ules, but maturation into more mature basophils was not 
apparent or was minimal. When stained with toluidine 
blue, the granules were negative or equivocal for meta- 
chromasia. Because granules in the mature basophils were 
metachromatic, the lack of positivity in the blasts may 
have resulted from the immaturity of the granules. 

On the basis of light microscopic findings, four of the 
six cases without prominent basophilia were initially clas- 
sified as acute myeloid leukemia (French—American- 
British classification M1). In one case, this diagnosis was 
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FiG. 7 (left). Primitive leukemia blasts infiltrating lymph node from patient 4. Hematoxylin and eosin (X630). (Right) Electron micrograph of a blast 
cell from the lymph node of patient 4. The golgi area of the cell contains two large, moderately electron-dense immature basophil granules. Uranyl 


acetate, lead citrate (X 16,000). 


supported by the myeloperoxidase positivity of the blasts 
and in the other three, by immunophenotypic analysis. 
One of the six cases had immunophenotypic character- 
istics that were typical of acute lymphoblastic leukemia, 
and initially this case was diagnosed as such. In view of 
the ultrastructural findings, we interpret this case as bi- 
phenotypic acute leukemia. By light microscopic and cy- 
tochemical analysis, two of the six cases appeared to be 
undifferentiated; immunophenotypic analysis was not 
performed. 

In all eight cases, ultrastructural analysis revealed im- 
mature basophil granules and provided evidence of ba- 
sophilic differentiation of the blasts. Theta granules, which 
have been associated with early basophil differentiation, "> 
also were present in blasts from four patients. In three 
cases, ultrastructural analysis provided evidence of mast 
cell differentiation, with rare individual cells showing ba- 
sophil and mast cell features. 

No clinical features distinguished this group of patients 
from others with acute myeloid leukemia. None of the 
patients showed any clinical signs of excess histamine re- 
lease, a feature previously reported by Wick and 


associates* in three of four cases of acute myeloid leukemia 
with basophil differentiation. 

Few other cases of well-documented de novo acute ba- 
sophilic leukemia have been reported. Wick and 
associates! reported four adult patients with “acute non- 
lymphocytic leukemia with basophilic differentiation." 
Those cases were diagnosed primarily on the basis of light 
microscopic examination and appear similar to our cases. 
More than 10% of the blasts were granular, and the blasts 
were myeloperoxidase negative but were metachromatic 
with toluidine blue. Ultrastructural analysis performed 
on the blasts from one of their patients revealed basophil 
differentiation.* Kurosawa and associates'? also reported 
a case of congenital acute basophilic leukemia in which 
the blasts, on light microscopic examination, contained 
large granules that were shown to be basophil granules 
on ultrastructural analysis. In addition, Lawlor and 
associates!" described a patient with acute lymphoblastic 
leukemia, similar to one of our patients (case 8), in whom 
the blasts had ultrastructural features of basophil/mast 
cell granules. 

Most reported cases of basophilic leukemia appear to 
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be Philadelphia chromosome-positive chronic myeloid 
leukemia in accelerated phase, with increased mature and 
immature basophils.7°-*> Also described in the literature 
are several cases of blast crisis of chronic myeloid 
leukemia!9!526-? or (rarely) other prior myeloproliferative 
disorders, ? with ultrastructural evidence of basophil dif- 
ferentiation of the blasts. Several patients presenting with 
Philadelphia chromosome-positive acute leukemia or 
acute undifferentiated leukemia with basophil or mast cell 
differentiation of the blasts have been reported as 
well.91927 The cases previously reported from this 
laboratory!9?/ were not included in the current study be- 
cause they exhibited prominent dysplasia of other myeloid 
cell lines in addition to basophils. 

Cytogenetically, our cases of acute basophilic leukemia 
were heterogeneous. Three of the seven patients studied 
had a Philadelphia chromosome arising from the common 
9;22 translocation. No patient had a history of chronic 
myeloid leukemia. Two patients were karyotypically nor- 
mal. No patient had a 6;9 translocation? or 12p abnor- 
mality,? cytogenetic abnormalities that have been asso- 
ciated with acute myeloid leukemia and basophilia. 

Although most data support the view that basophils 
and mast cells originate from the bone marrow, it is not 
clear whether they share a common precursor cell.?! UI- 
trastructural analysis in our patients with acute basophilic 
leukemia revealed that some cases had blasts containing 
basophil granules, with other cells (in the same case) con- 
taining mast cell granules; rarely, cells with both types of 
granules were present. Similar ultrastructural findings 
have been reported in cases of chronic myeloid leukemia?! 
blast crisis of chronic myeloid leukemia,!?!?2728 Phila- 
delphia chromosome-positive acute leukemia,'??" and 
other myeloproliferative disease.?! Taken as a whole, these 
ultrastructural observations provide evidence for a com- 
mon origin of mast cells and basophils, as proposed by 
Zucker-Franklin.?! 

In summary, we report eight cases of acute basophilic 
leukemia. These cases represent less than 2% of the cases 
of acute leukemia studied ultrastructurally during the pe- 
riod required to identify the eight cases. Because basophil 
involvement was not apparent by light microscopic ex- 
amination in many of the cases, ultrastructural analysis 
was required for diagnosis. The cytogenetic findings in 
these cases were diverse; three of the eight cases were as- 
sociated with the Philadelphia chromosome. None of the 
cases had other chromosome abnormalities previously 
associated with increased basophils. The diagnosis of acute 
basophilic leukemia can be elusive but may be considered 
when there is light microscopic evidence of differentiation 
into basophils; when the blasts contain granules that re- 
semble basophil granules by light microscopic examina- 


tion; when the leukemia appears undifferentiated; or when 
the acute leukemia is positive for the Philadelphia chro- 
mosome. 
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Fulminant Childhood Hemophagocytic 
Syndrome Mimicking Histiocytic 
Medullary Reticulosis 
An Atypical Form of Epstein-Barr Virus Infection 


RONG-LONG CHEN, M.D.,’ IH-JEN SU, M.D., PH.D.? KAI-HSIN LIN, M.D.,’ 
SHENG-HUANG LEE, M.D.? DONG-TSAMN LIN, M.D.,! WEN-MIN CHUU, M.D.,! 
KUO-SIN LIN, M.D.,’ LI-MIN HUANG, M.D.,’ AND CHIN-YUN LEE, M.D.' 


Ten cases of pediatric fulminant hemophagocytic syndrome, en- 
countered between 1986 and 1989, are described. They occurred 
in the summer, and the patients presented with fever, jaundice, 
hepatosplenomegaly, pancytopenia, coagulopathy, and abnormal 
liver function. Bone marrow studies revealed infiltration by atyp- 
ical T-lymphoid cells, rare B immunoblasts, and mature histio- 
cytes with hemophagocytosis. Initially, histiocytic medullary re- 
ticulosis was suspected in six cases. The clinical course was 
characterized by rapid deterioration, with a mean period of 16 
days from onset of fever to death. The main causes of death were 
coagulopathy with multiple organ failure and opportunistic in- 


Hemophagocytic syndrome is a heterogeneous disease 
with disordered macrophage activation that may be related 
to subtle genetic or immunologic defects.! Some cases 
have been designated as familial erythrophagocytic lym- 
phohistiocytosis, a lesion that is characterized by auto- 
somal recessive inheritance and early disease onset.^? 
Other cases represent virus- or infection-associated he- 
mophagocytic syndromes (VAHS or IAHS) related to Ep- 
stein-Barr virus (EBV), cytomegalovirus (CMV), adeno- 
virus, salmonella, tuberculosis, or other infectious 
agents.” Most VAHS-affected patients have acquired 
immunosuppression! or an established immune deficiency 
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fection. In seven of eight cases studied by serologic assay anc 
Southern blot hybridization, acute or active Epstein-Barr virus 
(EBV) infection was documented. It is suggested thet an atypica- 
or fulminant form of primary EBV infection distinct from classic 
infectious mononucleosis was prevalent in previously healthy 
children in Taiwan. Younger age involvement and seasonal clus: 
tering were characteristic of the disorder described. (Key words: 
Hemophagocytic syndrome; Histiocytic medullary reticulosis; 
Epstein-Barr virus; Infectious mononucleosis) Am J Clin Pathol 
1991;96:171-176 


syndrome such as Chédiak-Higashi syndrome® or X- 
linked lymphoproliferative syndrome.’ Demonstration cf 
atypical lymphoid or immunoblast-like cell in the bone 
marrow and lymphoid organs in some cases suggests thet 
histiocytic medullary reticulosis (HMR) may be present. '? 

The prevalence and seasonal clustering of an acute fui- 
minant form of hemophagocytic syndrome has been re- 
ported in Taiwan, occurring especially in toddlers.'?!! Ten 
cases were encountered from 1986 to 1989 in the De- 
partment of Pediatrics, National Taiwan University Hos- 
pital. The patients' clinical, laboratory, pathologic, and 
virologic features were analyzed. 


MATERIALS AND METHODS 


Patients 


From 1986 to 1989, 12 patients presented with a ful- 
minant septic-like process and a hemophagocytic syn- 
drome. Later, two cases were shown to result from Sul- 
monella typhi or Pseudomonas aeruginosa sepsis; each 
afflicted patient recovered within two weeks after anti- 
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biotic treatment. The remaining ten cases showed no ap- 
parent underlying disorders and were investigated retro- 
spectively for a possible association with EBV and CMV. 
The patients' clinical histories, presenting symptoms and 
signs, and hematologic and other laboratory data were 
reviewed. 


Hematologic and Pathologic Studies 


The peripheral blood smears and bone marrow aspirates 
from the ten patients were stained with a modified Giemsa 
(Liu) stain. Ten bone marrow core biopsies, four liver 
biopsies, and three autopsies were performed. The tissues 
from bone marrow and other lymphoid organs were fixed 
in B5 solution or neutral buffered formalin, processed in 
a routine fashion, and stained with hematoxylin and eosin. 
To investigate the infiltrating lymphohistiocytic cells in 
the tissues, immunoperoxidase studies were performed 
on paraffin sections from all ten patients, and fresh-frozen 
specimens from two patients (cases 2 and 4), with a panel 
of monoclonal antibodies and antisera specific for T and 
B lymphocytes and histiocytes as previously described. !° 


Virologic Studies 


Serologic Studies. Serum was available from six patients 
(cases 3, 5, 6-8, and 10) for viral serologic studies. The 
EBV-specific antibody titers to viral capsid antigens were 
determined by an indirect immunofluorescence technique 
(Gull Laboratories, Inc, Salt Lake City, UT). The anti- 
bodies to EBV-nuclear antigens were determined by an 
anticomplement immunofluorescence test (Organon 
Teknika, Holland); CMV IgM antibody was determined 
by an enzyme-linked immunosorbent assay method 
(Behring, Holland); and the IgG antibody to CMV was 
determined by a complement fixation method (Whittaker 
M.A. Bioproduct, MD).'?-^ 

Southern Blot DNA Hybridization Studies. Fresh-frozen 
tissues from two patients (cases 2 and 4) were available 
for Southern blot studies to investigate a possible associ- 
ation between their disease and EBV or CMV infec- 
tion.!9/5 For the Southern blot study of EBV, DNA was 
extracted from frozen lymph node specimens. Fifteen mi- 
crograms of DNA was digested with the BamH 1 restriction 
endonuclease, loaded onto 0.8% agarose gel, electropho- 
resed, and blotted with a Zeta-probe (Biorad, Richmond, 
CA) nylon membrane. The baked membrane then was 
prehybridized and hybridized for EBV with the use of 
probes of EBV BamH1-A and W fragments at a high ra- 
dioactivity of 5 X 10* counts per minute (cpm)/ug. For 
the study of CMV, the same nylon membrane for EBV 
was washed to strip off the preexisting radioactive sub- 
stance and then rehybridized for a CMV probe (EcoRI- 
digested, 27.5-kb DNA fragment, kindly provided by Dr. 
Eng-Shang Huang).’® 


RESULTS 


Clinical Characteristics 


Demographic Features. Nine of ten patients were in- 
fants or toddlers, with a median age of 18 months. There 
were six boys and four girls. Eight of ten cases were from 
urban areas. Eight of the cases developed between May 
and July. 

Family and Histories. Patient 9 had a history of chronic 
diarrhea in early infancy, with a body weight in the third 
percentile at presentation. None of the remaining patients 
had a positive family history or personal history suggesting 
an immune deficiency syndrome. 

Clinical Manifestations. All patients had a febrile pro- 
drome ranging from one to four weeks associated with 
frequent upper respiratory tract symptoms. Subsequently, 
full-blown manifestations of jaundice (nine of ten), hep- 
atomegaly (ten of ten, mean 5.8 cm below right costal 
margin), splenomegaly (nine of ten, mean 2.3 cm below 
left costal margin), pancytopenia (ten of ten), coagulop- 
athy (eight of eight), and abnormal liver function (ten of 
ten) developed, with hepatomegaly consistently more 
prominent than splenomegaly in all instances. Pulmonary 
and pleural infiltrates were noted in four cases. Ascites 
was noted in eight cases. Lymphadenopathy either was 
not evident or consisted of pea-size palpable nodes in all 
patients. 

Laboratory Findings. Progressive neutropenia, lym- 
phopenia, thrombocytopenia, and hyporegenerative ane- 
mia developed in all of the patients within days of pre- 
sentation. Conjugated hyperbilirubinemia with elevation 
of levels of hepatic enzymes (aspartate/alanine amino- 
transferase) and biliary enzyme (alkaline phosphatase) 
denoted extensive liver parenchymal damage. The albu- 
min and globulin concentrations were decreased. Serum 
ammonia levels were normal in six patients tested. The 
prothrombin time and partial thromboplastin time were 
prolonged in the eight patients tested. Among these, two 
patients (patients 1 and 9) had evidence of a consumption 
coagulopathy (decreased fibrinogen, increased fibrin deg- 
radation product, and positive fibrin monomer complexes 
detected by the plasma protamine paracoagulation test). 
Serum triglyceride levels were elevated in seven patients, 
and total cholesterol levels were elevated in one of nine 
patients tested (Table 1). Blood urea nitrogen and creat- 
inine levels were within normal limits, except in patient 
10, in whom azotemia later developed after prolonged 
and complicated secondary infections. Cerebrospinal fluid 
examination in cases 1, 3, and 4 showed xanthochromia 
and mild lymphocytosis. Bacteria cultures drawn at pre- 
sentation from blood or other tissue fluid (urine, cerebro- 
spinal fluid, ascites, and pleural effusion) were negative, 
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Caes 00 0002/03 04 05 8$ 07 E 
WBC 2.20 1.70 2.00 18.20 1.60 1.10 2.00 1.00 3.20 ] 3.90* 
Hb 101 73 88 114 106 86 71 68 96 92* 
Pit 42 113 39 33 36 8 22 27 14 106* 
Alb 41 28 22 20 23 41 EE 24 23 ND 
Glo 2 20 14 16 14 22 18 18 19 ND 
AST 9.45 4.47 5.68 3.47 2.28 292 5.80 9.35 40.34 62.85 
(567) (268) (341) (208) (137) (175) (348) (561) (2.420) (3,770) 
ALT 1.23 2.22 13 1.28 1.18 1.22 1.50 3.12 6.75 9.67 
(74) (133) (224) (77) (71) (73) (90) (187) (405) (580) 
Bil 159 147 135 17 139 200 9 717 181 147 
(T) (9.3) (8.6) (7.9) (1.0) (8.1) (11.7) (0.5) (4.5) (10.6) (8.6) 
Bil 77 92 94 5 82 139 5 63 128 109 
(D) (4.5) (5.4) (5.5) (0.3) (4.8) (8.1) (0.3) (3.7) (7.5) (6.4) 
ALP 3.3 10.5 14.5 L4 32.7 ND 8.0 56.7 8.2 20.9 
(198) (628) (867) (134) (1,963) (482) (3,401) (492) (1,253) 
LDH 60.8 ND 115.5 31.8 38.6 ND 82.3 126.5 86.2 386.6 
(3,650) (6,930) (1,906) (2,315) (4,940) (7,590) (5,170) (23,190) 
TG 7.70 1.12 7.76 0.07 5.49 ND 2.18 S. 17 2.01 7.26 
(682) (99) (687) (6) (486) (193) (458) (178) (643) 
CHO 2.66 2.64 2.43 0.52 4.91 ND 2.12 11.84 2.53 3,21 
(103) (102) (94) (20) (190) (82) (458) (98) (124) 


Abbreviations and units: WBC = white blood cell count, 109/L; Hb = hemoglobin, g/L; Plt 
= platelet count, 10°/L; Alb = albumin, g/L; Glo = globulin, g/L; AST = aspartate aminotransferase, 
pmol/L (IU/L); ALT = alanine aminotransferase, nmol/L (IU/L); Bil (T/D) = bilirubin (total/ 
conjugated), pmol/L (g/dL); ALP = alkaline phosphatase, ukat/L (IU/L), LDH = lactate dehy- 
drogenase, ukat/L (IU/L); TG = triglycerides, mmol/L (mg/dL); CHO = cholesterol, mmol/L 
(mg/dL). 


except in patient 4, whose blood culture yielded Esche- 
richia coli on admission. Patients 1, 2, 4, 8, and 10 had 
documented secondary infection in terminal or autopsy 
specimens with Aspergillus species, Candida albicans, 
Bacteroides fragilis, P. aeruginosa, and C. albicans, re- 
spectively. 

Treatment and Outcome. Blood components and an- 
tibiotics were administered aggressively in all patients. In 
general, no specific therapy was given because of the pa- 
tients' rapidly deteriorating conditions or because, ini- 
tially, the condition was not diagnosed correctly. The ex- 
ceptions were the use of acyclovir in case 5 and steroids 
in cases 2, 5, and 7. None of the patients survived. The 
main causes of death were coagulopathy with multiple 
organ failure and secondary infection. The duration from 
disease onset to death ranged from | to 4 weeks (mean, 
11 days) and from 1 to 10 days after full-blown clinical 
manifestations appeared, when patient 10 (the only patient 
who was older than four years of age and survived for 55 
days after fever onset) was excluded. 


Hematologic and Pathologic Features 


Peripheral Blood. Smears revealed cytopenia without 
left shifting, except in case 9, for which normoblasts and 
metamyelocytes were present on the peripheral blood 
smears. Few (0.00-0.04) atypical lymphocytes were pres- 


Normal range in this laboratory: Alb = 37-52 g/L; Glo = 22-31 g/L; AST = 0:08-0.52 ukat 
L (5-31 IU/L); ALT = 0-0.52 ukat/L (0-31 IU/L). Bil (T/D) = 3-17/0-7 wmot/L (0.2-1.0/0- 
0.4 mg/dL); ALP = 1.1-4.0 wkat/L (64-238 IU/L), LDH = 0.30-7.67 ukat/L (18-460 IU/L); 
TG = 0.56-1.47 mmol/L (50-130 mg/dL); CHO = 3.36-6.47 mmol/L (130-25) mg/dL). 

* Initial data from referring hospital. 

ND = no data. 


ent in peripheral blood smears, except in cases 3 and 10, 
in which atypical lymphocytosis (0.10 and 0.15) was noted 
in the initial blood smear. Blasts were absent. 

Bone Marrow. Hemophagocytic histiocytosis (HPH) 
accompanied by varying degrees of infiltration of lym- 
phoid cells, including immunoblasts and plasmapcells, was 
found in all ten specimens (Fig. 1). Cases 2-7 showed 
infiltration of bone marrow or other organs by atypical 
histiocyte-like cells. These were designated as HMR on 
morphologic and histochemical grounds.'* With immu- 
noperoxidase and immunophenotypic studies, the im- 
munoblasts or atypical histiocyte-like cells were of polv- 
clonal B lineage in case 4 and T lineage in the other nine 
cases. Variable depletion of myeloid, erythroid, and 
megakaryocytic series was observed in the marrow sam- 
ples. In autopsy specimens, areas of necrosis were noted 
in varying degrees (Fig. 2). 

Liver. Cases 1, 2, 4, 7, and 10 had adequate liver spec- 
imens for study. HPH and atypical lymphoid cells were 
found in the portal areas and sinusoids. There was a vari- 
able degree of fatty metamorphosis of hepatocytes. ^ 
variable amount of patchy coagulation necrosis was ob- 
served, present mainly in the peripheral portion of liver 
parenchyma and the periportal areas. Eosinophilic bodies 
(possibly representing degenerating phagocytic histiocytes) 
could be found in liver parenchyma and sinusoids 
(Fig. 3). 


Vol. 96 * No. 2 





FIG. | (upper, left). Bone marrow aspiration smear at early stage shows prominent histiocytic hemophagocytosis (/ong arrow) and atypical histiocyte- 
like cell or immunoblast (short arrows) infiltration. 


FIG. 2 (upper, right). Bone marrow at terminal stage shows marked cellular depletion and massive necrosis, but histiocytic hemophagocytosis (arrow) 
is present. 


FiG. 3 (/ower, left). Liver histology shows fatty metamorphosis of hepatocytes. Hemophagocytic histiocytes (/ong arrows) and eosinophilic bodies 
(short arrow) are found in the sinusoids. 


FIG. 4 (/ower, right). Southern blot hybridization with EBV-BamH1-A fragment in cases 2 (line A, lymph node) and 4 (line Bl, lymph node; line 
B2, spleen) shows a clear hybridization band at 10-kb locations corresponding to EBV-A fragment shown in Raji and B95.8 cel! lines. 


CHEN ET AL. 175 
Hemophagocytic Syndrome 


Autopsy. Three autopsies (cases 1, 2, and 4) were per- 
formed. In case 4, there was diffuse infiltration of lymph 
nodes by atypical lymphoid cells or immunoblasts that 
resembled a large cell/immunoblastic lymphoma. In cases 
] and 2, lymphoid depletion with extensive hemophag- 
ocytosis and necrosis was found. In all three patients, the 
same infiltrate was found in the spleen, lungs, and thymus 
and was relatively sparse in nearly all ofthe visceral organs, 
except the brain, wherein no atypical cells were found. 


Virologic Studies 


Serologic Studies. Cases 7, 8, and 10 had a documented 
acute EBV infection. Cases 3 and 6 were in a window 
stage in which viral capsid antigen (VCA)-IgM antibodies 
were no longer detectable and EBV nuclear antigen 
(EBNA) antibodies were not yet detectable.!? In summary, 
five of six cases with viral serologic studies had evidence 
of acute EBV infection. There was no evidence of acute 
CMYV infection in any case analyzed (Table 2). 

Southern Blot Hybridization Studies. Southern blot 
hybridization using the EBV BamHI-A fragment radio- 
active probe showed a clear hybridization band at 10 Kb, 
corresponding to the molecular size of the EBV-A frag- 
ment in two patients (patients 2 and 4) (Fig. 4). The in- 
tensity of the hybridization band for case 4 was compa- 
rable to that of Raji and B95.8 lines, representing 50-100 
copies of EBV genomes per cell. The intensity of the hy- 
bridization band was much weaker for case 2, suggesting 
a lower percentage of EBV-containing cells in tissues. 


DISCUSSION 


A fatal histiocytic hemophagocytic syndrome has been 
encountered that mainly affects previously healthy infants 
or toddlers. The clinical differential diagnosis included a 
septic process, VAHS or HMR. The presence of atypical 
large cells and hemophagocytosis led to the suspicion of 


TABLE 2. SEROLOGIC STUDY OF EBV AND CMV INFECTION 





EBV-VCÀ EBV-VCA CMV CMV 

Case No. IgG IgM EBNA IgG IgM 
3 1:40+ 1:10— 1;:2~ 1:2— 1:10— 

5 1:160+ 1:10— 1:2+ }:2— 1:10— 

6 1:160+ 1:10— 1:2~ 1:2— 1:10- 

7 1:{0+ 1:10+ 12- 1:8+ 1:10- 

8 1:40+ 1:10+ 1:2— I:2— I:10— 

10 1:160+ 1:10+ ND 1:2- 1:10— 

ND = no data, 


EBY-VCA IgM+, EBV-VCA IgG+, and EBNA denote current primary EBV infection; EBV- 
VCA IgM, EBV-VCA IgG-+, and EBNA denote recent (window stage) infection and are consistent 
with, although not diagnostic for, primary EBV infection." 


HMR in some cases. However, case-clustering in the 
summer season suggested an infectious process. Appli- 
cation of serologic, Southern blot, and in situ DNA hy- 
bridization studies indicated a strong association with 
acute or active EBV infection. However, the absence of 
peripheral lymphadenopathy, and the profound liver in- 
volvement, paucity of peripheral atypical lymphocytosis, 
severe coagulopathy, and rapidly progressive bone marrow 
failure distinguished this process from the usual manifes- 
tations of classic infectious mononucleosis. These patients. 
who might have had subtle immunologic defects related 
to age or a genetic abnormality, apparently had an atypical 
or fulminant form of infectious mononucleosis. 

One important aspect of these cases was their frequent 
confusion with HMR. HMR was described first by Scott 
and Robb-Smith"? and only later was designated as a syn- 
onym for malignant histiocytosis.‘ HMR has been re- 
ported frequently in particular geographic locations that 
correspond to EBV-prevalent areas, such as Uganda, 
mainland China, and Taiwan.!!?°?! Recently, most of 
the previously diagnosed cases of HMR have been redes- 
ignated as VAHS or T-cell lymphoma.” The infiltrating 
atypical large cells in most of the current cases were T 
cells, raising the possibility that these patients had either 
VAHS or T-cell lymphoma. However, the possibility of 
T-cell lymphoma is unlikely because lymphoid depletion 
was shown in terminal specimens. It was demonstrated 
that at least some cases of HMR, according to previous 
criteria, were actually an atypical form of EBV infection. 
In other words, the clinicopathologic features of the cur- 
rent cases are similar to those described by Wilson as fatal 
EBV-VAHS.^ Previously described VAHS frequently 
occurred in immunosuppressive conditions, and there was 
no age predilection. In contrast, nine of our ten patients 
were previously healthy toddlers. There was no family 
history suggesting a diagnosis of familial erythrophagocytic 
lymphohistiocytosis, or X-linked lymphoproliferative 
syndrome in the male patients. 

Taiwan is an endemic area for EBV. The associatior 
of nasopharyngeal carcinoma and peripheral T-cell lym- 
phoma with EBV has been demonstrated.”>“° The clus- 
tering occurrence and young age involvement accompa- 
nied by the findings of serologic and DNA hy bridization 
studies demonstrated that this fatal VAHS occurring in 
toddlers might be an atypical form of primary EBV in- 
fection. Most people in Taiwan contract EBV infection 
at a young age but have no symptoms.?"?? It has been 
speculated that the intimate relationships reflected in 
Chinese family culture, such as prechewing food for chil- 
dren, and high infection rates in adults could contribute 
to early acquisition of EBV infection. The characteristic 
summer clustering must have important implications in 
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The morphologic, phenotypic, molecular genetic, and clinical 
features of 34 cases of clear-cell immunoblastic lymphoma 
(IBLC) are described. Sixteen cases were of B-cell type (IBLC- 
B) and 18 cases were of T-cell type (IBLC-T). There were no 
significant differences in the morphologic characteristics of the 
neoplastic cells in the two types, although IBILC-B was less likely 
to be polymorphic than IBLC-T. Interfollicular proliferation, a 
higher mitotic rate, infiltration by eosinophils, and an increase 
im capillary-sized blood vessels were also features of IBLC-T, 
whereas necrosis and fibrosis were more extensive in IBLC-B. 
Patients with IBLC-B were predominantly female, whereas those 
with IBIC-T were predominantly male. The mean age was 62 


Non-Hodgkin’s lymphoma (NHL) consists of a hetero- 
geneous group of lymphoid neoplasms; the origin of which 
usually can be determined by phenotypic or molecular 
genetic analyses. Morphologic features also have been used 
to predict the cellular origin in several types of NHL.’ 
In the International Working Formulation,’ clear-cell 
immunoblastic lymphoma (IBLC) is characterized by a 
diffuse proliferation of transformed lymphoid cells with 
abundant, optically clear cytoplasm. Since the first re- 
port of peripheral T-cell lymphoma (PTCL) by Waldron 
and associates," clear-cell morphology has been considered 
one of the distinctive features of PTCL.?-? However, some 
authors also have observed this feature in cases of B-cell 
lymphoma.^*:19.!? These preliminary observations led us 
to review our experience with IBLC of B-cell type (IBLC- 
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years for those with IBLC-B and 46 years for those with IBILC- 
T. Patients with IBLC-B usually had lower-stage disease, but 
there was no significant difference in survival rate between those 
with IBLC-B and those with IBLC-T. Although most cases of 
IBLC have been considered to be of peripheral T-cell origin, the 
authors conclude that [BLC-B is more common than previously 
considered and that clear-cell morphologic characteristics are 
not a reliable indicator of T-cell type. (Key words: Immunoblastic 
lymphoma; Clear cell; B-cell lymphoma; Peripheral T-cell Iym- 
phoma; Non-Hodgkin's lymphoma) Am J Clin Pathol 1991;96: 
177-183 


B) because, to our knowledge, no detailed studies of this 
type of NHL have been reported. Herein, we describe the 
clinicopathologic features of IBLC-B and compare them 
with those of IBLC of T-cell type (IBLC-T). 


MATERIALS AND METHODS 


Patients 


Thirty-four cases of IBLC in the Nebraska Lymphoma 
Registry (1982-1989) were studied. The diagnosis of IBLC 
was based on the histopathologic criteria of the Interna- 
tional Working Formulation.’ Special attention was given 
to the exclusion of cases in which the cells had an “empty” 
cytoplasmic appearance resulting either from poor tissue 
processing or from degeneration in the vicinity of necrotic 
areas. The following clinical information was recorded in 
each case at the time of diagnosis: age, sex, date of diag- 
nosis, site of biopsy, stage of disease, type of therapy, and 
length of survival in months. The clinical features of pa- 
tients with IBLC-B and IBLC-T then were compared. 
Furthermore, their survival was also compared with that 
of a series composed of 47 patients with phenotypically 
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confirmed diffuse large B-cell lymphoma, including im- 
munoblastic lymphoma (B-NHL), but excluding those 
with clear-cell morphologic characteristics.'* Survival 
curves were calculated with the use of the life-table 
method, and the curves were compared using the log- 
rank test. 


Histopathology 


Morphologic evaluation was performed in a blinded 
manner without information regarding the phenotypic or 
molecular genetic features of the cases. The evaluation 
focused on the characteristic histopathologic features of 
PTCL and included the following cytologic characteristics: 
monomorphism or polymorphism of the neoplastic cells; 
pattern of infiltration; background cells and structures 
such as eosinophils, plasma cells, postcapillary venules 
and compartmentalization of the neoplastic cells by re- 
ticulin fibers. Polymorphism was defined as a feature 
composed of a spectrum of transformed cells.°* The mi- 
totic rate was determined by counting the number of mi- 
totic cells in 10 high-power fields (HPFs). Cases with a 
mean value of five or more mitotic cells per HPF (0.16 
mm?) were considered to have frequent mitoses. The 
amounts of necrosis and fibrosis also were evaluated. 


Phenotypic Analysis 


The phenotypes of the lymphomas were determined 
on snap-frozen tissue in 27 cases and on paraffin-embed- 
ded tissue in 7 cases in which frozen tissue was not avail- 
able. Immunohistochemical studies were performed using 
the avidin-biotin-peroxidase complex (ABC) method.!? 
The primary antibodies used and their sources are listed 
in Table 1. Biotinylated secondary antibodies and ABC 
were obtained from Vector Laboratories (Burlingame, 
CA), and antibody localization was demonstrated by in- 
cubation of the sections with 3,3'-diaminobenzidine-H4;O; 
solution. The sections then were counterstained with 
methyl green or hematoxylin and examined with a light 
microscope. In cases in which only paraffin-section im- 
munohistochemical studies could be performed, a B-cell 
phenotype was defined as positive membrane staining of 
the neoplastic cells for L26 antigen along with negative 
staining for CD45RO (UCHL-1) antigen, with the reverse 
being true for cases with a T-cell phenotype.!9!" 


Molecular Genetic Analysis 


High molecular weight DNA was prepared from frozen 
tissue of three cases of IBLC-B and five cases of IBLC-T. 
Three 10-ug aliquots of DNA from each case were digested 


TABLE 1. PHENOTYPIC AND GENOTYPIC FEATURES OF 
CLEAR-CELL IMMUNOBLASTIC LYMPHOMA 


Sources of | IBLC-B IBLC-T 
Features Antibodies {n= 16) (n= 18) 
Phenotype 

B-cell-related antigens 
Monoclonal surface Ig («) DK 7/12* 0/15 
Monoclonal surface Ig (y) DK 2/12 0/15 
Surface IgM DK 7/12 0/6 
Surface IgG DK 1/12 0/6 
Surface IgM + IgD + IgG DK 1/12 0/6 
Surface IgM + IgG + IgA DK. 1/12 0/6 
Cytoplasmic Ig DK 0/14 ND 
CD19 (Leu-12) BD 6/7 0/12 
CD20 (B1) CI 8/11 0/8 
CD21 (B2) Cl 0/5 0/4 
CD22 (Leu-14) BD 8/9 0/11 
CD10 (CALLA) BD 2/9 0/6 
L26 DK 4/4 0/3 

T-cell-related antigens 
CDS (Leu-1) BD 0/10 8/13 
CD2 (Leu-5) BD 0/9 11/14 
CD3 (Leu-4) BD 0/10 10/14 
CD7 (Leu-9) BD 0/3 2/1 
CD4 (Leu-3a) BD 0/12 10/15 
CD8 (Leu-2a) BD 0/12 3/15 
CDI (Leu-6) BD 0/2 0/8 
CD45RO (UCHL-1) DK 0/4 3/3 

Miscellaneous antigens 
HLA-DR (la) BD 9/9 13/15 
CD25 (IL-2R) BD 3/5 2/4 
CD71 (OKT 9) OS 8/8 10/12 
CD30 (Ki-1) DK 0/4 1/5 

Genotype 
Clonal rearrangement of Jy 3/3 0/5 
Clonal rearrangement of Ca 0/3 5/5 


IBLC-B = clear-cell immunoblastic lymphoma of B-cell type; IBLC-T = clear-cell immunoblastic 
lymphoma of T-cell type; Ig = immunoglobulin; ND = not done; CALLA = common acute 
lymphoblastic leukemia-associated antigen; IL-2R = interleukin-2 receptor; Jy = J segment of 
the immunoglobulin heavy chain gene; C, = constant region of the fi-chain of the T-cell receptor 
gene; DK = DAKOPATTS (Carpinteria, CA); BD = Becton-Dickinson (Mountain View, CA); 
CI = Coulter Immunology (Hialeah, FL); OS = Ortho Systems (Raritan, NJ). 

* Number of cases with feature/number of cases examined. 


with the following restriction enzymes: BamHI, EcoRI 
(Bethesda Research Laboratories, Gaithersburg, MD), and 
HindIII (Behringer Mannheim, Indianapolis, IN). DNA 
fragments then were electrophoresed on 0.8% agarose gel 
and transferred to nylon filters by Southern blotting. After 
hybridization to ?P-labeled DNA probes for immuno- 
globulin (Ig) genes or T-cell receptor genes, filters were 
exposed to XAR-2? film (Eastman Kodak Company, 
Rochester, NY), with the use of intensifying screens. DNA 
probes for the Ig heavy-chain genes (5.4-kb fragment of 
human genomic DNA-Jj) and the T-cell receptor beta- 
chain genes (0.4-kb fragment of human complementary 
DNA-C,,) were obtained from Oncogene Science (Man- 
hasset, NY). Human placental DNA was used to confirm 
the germline configuration of DNA fragments. Clonality 
was determined when nongermline bands were detected 
in at least two of the three enzyme digests. 
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RESULTS 


Of the 34 cases of IBLC, phenotypic studies revealed 
that 16 cases were of B-cell type and 18 cases were of T- 
cell type (Table 1). Of 12 cases of IBLC-B in which frozen 
tissue was available, 9 cases had monoclonal surface Ig. 
Heavy chains were positive in ten cases, and seven cases 
had surface IgM. Heavy chains were not detected in one 
of nine light chain-positive cases, whereas light chains 
were not detected in two of ten heavy chain-positive cases. 
Cytoplasmic Ig was not detected in any of the 14 cases 
examined. The neoplastic cells in most of the cases studied 
by frozen-section immunohistochemistry also were pos- 
itive for one or more B-cell-related antigens, such as 
CD19, CD20, or CD22, whereas they were negative for 
all T-cell-related antigens. In the four cases in which only 
paraffin-embedded tissue was available, the neoplastic cells 
were positive for L26 antigen and negative for CD45RO 
antigen. Scattered small lymphoid cells with T-cell-related 
antigens were admixed with the proliferating large cells 
in most of the cases of IBLC-B. Frozen-section immu- 
nohistochemical studies performed on 15 cases of IBLC- 
T showed ten cases to be of a helper-inducer phenotype 
and three cases to be of a suppressor-cytotoxic phenotype. 
HLA-DR and CD71 were expressed on most of both 
IBLC-B and IBLC-T cases. 

Molecular genetic analysis was performed in eight cases 
of IBLC. In three cases, including one surface Ig-negative 
case, clonal rearrangements of the Ig heavy chain genes 
were demonstrated, whereas five cases showed clonal 
rearrangements of the T-cell receptor beta-chain genes. 
There was no discrepancy between the phenotypic and 
genotypic findings in any of these eight cases. 

The cytologic features of the neoplastic clear cells in 
IBLC-B were similar to those in IBLC-T, although the 
cells were less likely to be polymorphic in IBLC-B (Figs. 
| and 2; Table 2). The cells had medium-sized to large, 
centrally located nuclei that were round or slightly oval 
in shape in most cases in both groups. Multilobated nuclei 
were seen in one case of IBLC-B. Nucleolar features, such 
as size, number per nucleus, and location, varied consid- 
erably, even in the monomorphic cases. A higher mitotic 
rate, interfollicular proliferation, infiltration by eosino- 
phils, and an increase in postcapillary venules with en- 
dothelial hyperplasia were seen more often in IBLC-T. 
Necrosis and fibrosis were more extensive in IBLC-B (Ta- 
ble 2). 

The clinical features of the 34 patients are summarized 
in Table 3. Follow-up information was available for 31 
patients. Twenty-eight were treated with various clinical 
protocols, whereas the remaining 3 did not receive radia- 
tion therapy or chemotherapy. Most of the patients with 
IBLC-B were female, whereas most of those with IBLC- 


T were male. The mean and median ages at the time of 
diagnosis for the patients with IBLC-T were lower than 
for those with IBLC-B, and patients with IBLC-T had 
more advanced disease at the time of diagnosis than those 
with IBLC-B. The sites of involvement in both cell types 
were predominantly nodal, and only | of 16 patients with 
IBLC-B and 1 of 18 patients with IBLC-T had mediastinal 
masses. The median and predicted three-year actuarial 
survival rates were slightly worse for patients with IBLC- 
B than for those with IBLC-T. However, there were no 
statistically significant differences in the actuarial survival 
rates of patients with IBLC-B, IBLC-T, or diffuse large B- 
NHL other than IBLC-B (Fig. 3). 


DISCUSSION 


Among 34 cases of IBLC, the neoplastic cells were con- 
firmed to be of B-cell type in 16 cases by phenotypic and, 
in some cases, molecular genetic analyses. Th:s finding 
was rather surprising because clear-cell morphologic 
characteristics generally have been considered to be a 
characteristic feature of PTCL.°-'? The phenotypic fea- 
tures of IBLC-B (CD19 positive, CD20 positive, CD22 
positive, HLA-DR positive, CD10 negative, and CD21 
negative) suggest that the neoplastic cells may have orig- 
inated from extrafollicular B cells, which is in aecordance 
with the concept of immunoblastic lymphoma.” Based on 
the pattern of surface Ig expression, 7 of 12 cases of IBLC- 
B were characterized as having immature phenotypes be- 
cause of the expression of only surface IgM, whereas 3 
cases had a more mature phenotype with the expression 
of surface IgG with or without other isotypes. * It is in- 
teresting that plasmacytoid B-immunoblastic lymphoma 
also may have either an immature or a mature pheno- 
type.'? The absence of cytoplasmic Ig in the cases of IBLC- 
B suggests that the neoplastic cells were at an earlier stage 
of maturation than typical B-immunoblasts. 

The pattern of expression of several activation-asso- 
ciated antigens!’ in IBLC-B also may be important in 
explaining the histogenesis of clear cells. In the process of 
B-cell activation by an antigen or mitogen, sequential al- 
terations of the membrane structure characterized by the 
expression of CD25, an increase in the density of HLA- 
DR, and the acquisition of CD71 are observed before 
DNA synthesis,'?-?' whereas the expression of CD30 does 
not occur until late in the cell cycle.” In IBLC-B, CD25 
was present in three of five cases and CD71 was present 
in all eight cases examined, but none of four cases ex- 
pressed CD30 (Table 1). This pattern of activation-asso- 
ciated antigens on the neoplastic cells of IBLC-B suggests 
that the cells are in the relatively early phase of the cell 
cycle. Although CD25 and CD71 are expressed in many 
high-grade lymphomas and are not specific tor any one 
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FIG. 2 (lower). Histologic features of two cases of IBLC-T. Similar to Figure 1, both monomorphic (A) and polymorphic (B) lymphomas consisting 


of cells with abundant clear cytoplasm are shown. Hematoxylin and eosin (X720). 
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FiG. 1 (upper). Histologic features of two cases of IBLC-B. A. Fairly uniform population of neoplastic cells with round to slightly oval nuclei, centrally 
placed nucleoli, and abundant clear cytoplasm. This lymphoma was classified as monomorphic. Hematoxylin and eosin (X720). B. In contrast to 
Figure 14, the proliferating cells in this case show prominent nuclear variability and the lymphoma was classified as polymorphic. Hematoxylin and 
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Clear-cell Immunoblastic Lymphoma 


TABLE 2. HISTOPATHOLOGIC FEATURES OF CLEAR-CELL 
IMMUNOBLASTIC LYMPHOMA 


IBLC-B IBLC-T 
Features (n = 16) (n = 18) 
Morphologic characteristics of the 
neoplastic cells 
Polymorphic 8 (50)* 14 (78) 
Frequent mitosesf 7 (44) 12 (67) 
Pattern of proliferation 
Interfollicular 0 (0) 7 (39) 
Background cells/structures 
Presence of eosinophils 2 (13) 10 (56) 
Increase in mature plasma cellst 9 (56) 12 (67) 
Increase in postcapillary venules 3 (19) 12 (67) 
Compartmentalization by reticulin 12 (75) 17 (94) 
Extensive fibrosis 9 (56) 3 (17) 
Extensive necrosis 6 (38) 2 (11) 


IBLC-B = clear-cell immunoblastic lymphoma of B-cell type; IBLC-T = clear-cell immunobiastic 
lymphoma of T-cell type. 

* Number of cases with feature: percentage in parentheses. 

t Number of cases with five or more mitotic cells per high-power field. 

+ Monoclonal plasma cells were not found. 


type of lymphoma, the pattern of the expression of surface 
and cytoplasmic Ig and activation-associated antigens in 
our cases supports the view of Schneider and associates,® 
who have described areas composed of clear cells in oth- 
erwise typical B-immunoblastic lymphoma and observed 
that clear cells may be the predominant cell type in some 
cases. These authors® suggested that clear cells in B-im- 
munoblastic lymphoma are less mature plasmacytoid cells 
that are in the S-phase of the cell cycle. The mechanism 
of formation of clear cells in PTCL is unknown.’ However, 
it should be remembered that activation-associated an- 
tigens similarily expressed in our cases of IBLC-T, as well 
as cases of PTCL reported by others. HLA-DR, which 
is considered to be an activation-associated antigen on T 
cells, also was positive in most IBLC-T cases. These find- 


TABLE 3. CLINICAL FEATURES OF CLEAR-CELL 
IMMUNOBLASTIC LYMPHOMA 


IBLC-B IBLC-T 
Features (n = 16) (n = 18) 
Age (years) 
Mean/median 62/62.5 46/43 
Range 21-83 7-91 
Male/female 6/10 14/4 
Nodal/extranodal 13/3 16/2 
Stage" 
I+ II 8 5 
III + IV 7 11 
Survival* 
Median (months) 16 24 
Actuarial 3-year (96) 20 38 


IBLC-B = clear-celi immunoblastic lymphoma of B-cell type; IBLC-T = clear-cell immunoblastic 
lymphoma of T-cell type. 
* [Information on one IBLC-B and two IBLC-T cases was not available. 





mu ; Other diffuse large 
Ta | B-NHL (n-47) 
E 604 
f 
= i mm 
& 404 | | jo IBLC-T (n=16) 
| | leases eiea 
204 EE 


| IBLC-B (n=15) 


0 qe 
0 10 20 30 40 50 
MONTHS 


Fic. 3. Predicted actuarial survivals of patients with clear-cell immu- 
noblastic lymphoma of B-cell type (IBLC-B) and T-cell type (IBLC-T), 
and other diffuse large B-cell lymphoma, including immunoblastic lym- 
phoma (B-NHL), but excluding those with clear-cell morphologic char- 
acteristics. 


ings suggest that clear cells of both B- and T-cell types 
may be generated by a common mechanism. 

Histologically, there were no apparent differences in 
the morphologic characteristics of the clear cells in IBLC- 
B and IBLC-T, although polymorphic composition of the 
neoplastic cells, interfollicular proliferation, a higher mi- 
totic rate, infiltration by eosinophils, and increased post- 
capillary venules appear to be indicators of IBLC-T, as 
has been suggested previously.^?:!!-!? PTCL can be clas- 
sified into the following major histologic types: atypical 
small lymphocytic type, mixed-cell type, and large cell 
type.*/?? Although additional terms such as lymphoe- 
pithelioid cell type? and immunoblastic type!! are used 
occasionally, they also can be included in one of the three 
major types.!? Another classification for PTCL has been 
proposed recently? and integrated into the updated Kiel 
classification for NHL.** However, clear-cell morphology 
is not a specific feature of the large cell or immunoblastic 
types and may be seen in the atypical small lymphocytic 
and mixed-cell types as well.^7?1!7!? The nonspecificity 
of clear-cell morphologic characteristics is also true for 
the phenotypes of PTCL, in which the feature was seen 
in both helper-inducer and suppressor-cytotoxic phe- 
notypes in our cases of IBLC-T, as well as those of PTCL 
reported by others.” We conclude that clear-cell mor- 
phologic characteristics alone cannot be used to differ- 
entiate any one of the histologic types or phenotypes of 
PTCL from the others, nor is it specific for PTCL of the 
large cell type. 

Several differences in the clinical features of patients 
with IBLC-B and those with IBLC-T were found in the 
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current series. The median age of the patients with IBLC- 
B (62.5 years) was similar to that of patients with diffuse 
large B-NHL.? However, patients with IBLC-T were 
younger at the time of diagnosis (median age, 43 years). 
In general, PTCL occurs in the sixth or seventh decade 
of life^!!2927- this is also true for patients with PTCL of 
the large-cell type.^7?7* Men were affected more often by 
IBLC-T, as has been described in most series of 
PTCL.^!252975 In contrast, the female predominance 
among patients with IBLC-B appears to be unusual, and 
this finding is further discussed below. Patients with 
PTCL^!!25-? and those with diffuse large B-NHL'*”> of- 
ten have advanced disease (stage III or IV) at the time of 
diagnosis. In our series, 11 of 16 patients with IBLC-T 
had advanced disease, whereas more than half of the pa- 
tients with IBLC-B had localized disease (stage I or ID). 
However, the median survival lengths and actuarial three- 
year survival rates were not significantly different among 
the patients with IBLC-B (16 months and 20%, respec- 
tively), those with IBLC-T (24 months and 3896, respec- 
tively), and those with diffuse large B-NHL other than 
IBLC (17 months and 30%, respectively; Fig. 3). The 
younger age of our patients with IBLC-T may explain the 
slightly better survival rates associated with IBLC-T versus 
IBLC-B. In the literature, the median survival and actu- 
arial three-year survival for patients with PTCL range from 
11 months and 20% to 43 months and 5796, respec- 
tively,- and for those with diffuse large B- or non-T- 
NHL, they ranged from 17 months and 30% to 48 months 
and 52%, respectively.'*7>?’ Thus, clear-cell morphologic 
characteristics do not appear to be a prognostic indicator 
with regard to survival among patients with diffuse large 
cell lymphoma. 

Although NHL is generally more common in men, 10 
of 16 patients with IBLC-B reported herein were women. 
A female predominance also has been reported for me- 
diastinal large B-cell lymphoma.?9? Furthermore, this 
latter lymphoma has been characterized by several clin- 
icopathologic features that also are seen in IBLC-B, in- 
cluding diffuse proliferation of large lymphoid cells with 
abundant clear cytoplasm, extensive fibrosis, a phenotype 
consistent with extrafollicular B cells (CD19 positive, 
CD20 positive, HLA-DR positive, CD10 negative, and 
CD21 negative), and a relatively unfavorable progno- 
sis.°°-3* However, primary mediastinal involvement, a 
much younger age of onset (median patient age, 25-32 
years), and the frequent lack of surface Ig on the neoplastic 
cells appear to be rather distinctive features of mediastinal 
large B-cell lymphoma.??-?? Mediastinal involvement was 
seen in only one of our cases of IBLC-B, and surface Ig 
was detected in 10 of 12 cases in our series. 

In conclusion, the current study suggests that IBLC-B 
may be more common than previously believed. Our 


study also indicates that clear-cell morphologic charac- 
teristics are not a reliable predictor of a T-cell type, nor 
are they specific for one type of NHL. We believe that 
this latter finding is important in regard to the histopath- 
ologic classification of NHL. Unlike the International 
Working Formulation, recently proposed classifications 
for PTCL do not include a separate category or subcate- 
gory for cases with clear-cell morphologic 
characteristics’?! because clinical features correlating 
with the presence of clear cells have not been identified.” 
Our current data also support this view. 
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Non-Hodgkin's Lymphomas of Nasal Cavity 
and Paranasal Sinuses 
An Immunohistochemical Study 
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ANTONIO PALACIN, M.D., JOAQUIN COBARRO, M.D.? JOSE TRASERRA, M.D./ 
AND EMILIO MONTSERRAT, M.D.? 


The authors studied the immunophenotype of nine sinonasal 
lymphomas using a panel of monoclonal antibodies that react 
with fixed, paraffin-embedded material (EMA, CAM 5.2, CD45, 
CD37 [MB-1], MB-2, L-26, CDw75 [LN-1], CD45RA [4 KB-5], 
CD43 [MT-1], and CD45RO [UCHI -1]). There were seven men 
and two women, with a mean age of 64 years (range, 9-89 years) 
and median age of 56 years. Three tumors were limited to the 
nasal cavity, and the other six had multiple sites of involvement, 
including the nasal cavity (five), antrum (six), ethmoid (two), 
orbit (two), and hard palate (one). Histologically, one was a lym- 
phoblastic lymphoma (LBL), one was small cleaved-cell lym- 
phoma (SCCL), three were mixed-cell lymphomas (IVICLs), and 
four were large cell lymphomas (LCs). Four cases were T-cell 
lymphomas (one SCCL, three MCLs), four were B-cell neo- 
plasms (four LCLs), and one was of uncertain lineage (LBL). 


Non-Hodgkin’s lymphomas of the nasal cavity and para- 
nasal sinuses occur infrequently. They constitute 0.44— 
2.2% of all extranodal lymphomas and 6.4—13% of ex- 
tranodal lymphomas of the head and neck.'? Several 
studies have defined the clinicopathologic characteristics 
and biologic behavior of these lymphomas.*!! Immu- 
nologic studies of lymph nodal and extranodal lympho- 
mas now permit classification of these neoplasms accord- 
ing to their B- or T-cell lineages. Although some mor- 
phologic studies of nasal and paranasal sinus lymphomas 
suggest that these neoplasms are of B-cell lineage," most 
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Angioinvasion, coagulative necrosis, and epitheliotropism were 
seen in the T-cell lymphomas. Extranasal dissemination was 
seen in four cases: one LBL that involved the lymph nodes, skin, 
and testes 15 months after diagnosis; one B-LCL that involved 
the skin 9 months after diagnosis; and one B-LCL and one T- 
MCL that involved the gastric mucosa and lung simultaneously 
with nasal presentation. This study shows a higher predominance 
of B-cell lymphomas in the sinonasal region than previously re- 
ported in Oriental populations. However, the T:B ratio of these 
lymphomas is still greater than that observed for primary lymph 
node—based neoplasms. (Key words: Non-Hodgkin's lymphomas; 
Sinonasal lymphomas; Extranodal lymphomas; Immuno- 
phenotype; Immunohistochemistry) Am J Clin Pathol 1991; 
96:184—190 


of the immunohistochemical reports have demonstrated 
a predominance of the peripheral T-cell phenotype. 
These studies were performed predominantly in popu- 
lations from the Far East, however, where T-cell lympho- 
mas are more common than in western populations. Im- 
munophenotypic studies of sinonasal lymphomas in 
western populations—although few in number—have 
demonstrated a predominance of B-cell*!* or T-cel1!?29 
lymphomas. It is unclear whether the T-cell predominance 
in nasal and paranasal lymphomas is a geographic differ- 
ence or a specific characteristic of the neoplasms of this 
anatomic region. 

Recently, monoclonal antibodies that recognize lym- 
phoid antigens in fixed and paraffin-embedded material 
have been described. These reagents provide a reliable 
method of phenotyping most lymphomas?!” and are 
useful for the study of retrospective material when no 
fresh material is available. In general, they allow a good 
correlation between phenotype and cell morphologic 
characteristics. 

In this study, we analyzed the immunophenotypes of 
the nasal and paranasal lymphomas observed in our de- 
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Sinonasal Non-Hodgkin's Lymphomas 


partment and correlated the phenotypes of the lymphomas 
with their clinicopathologic characteristics. 


MATERIALS AND METHODS 


Ninety-eight malignant tumors of the nasal cavity and 
paranasal sinuses diagnosed at our hospital from 1974 to 
1988 were reviewed. Among them, ten malignant lym- 
phomas with initial presentation in this area were iden- 
tified. One of these lymphomas was excluded because no 
appropriate paraffin blocks were available for immuno- 
histochemical study. Primary nasopharyngeal tumors 
were not included in this study. 

The clinical records of each patient were reviewed to 
determine the clinical symptoms and the duration, lo- 
cation, and stage of tumors; modes of therapy; and follow- 
up. Histologic sections of all primary tumors were re- 
viewed. The lymphomas were classified according to the 
Working Formulation”? and the updated Kiel classifica- 
tion. 9?! In three of four patients with extranasal dissem- 
ination, biopsy specimens from skin, testes, lymph node, 
and stomach also were examined. 

Specimens were fixed in 10% buffered formalin and, in 
some cases, in B5, and embedded in paraffin. Sections 
were stained with hematoxylin and eosin, Giemsa, peri- 
odic-acid Schiff (PAS), and orcein. 

Serial sections were cut, deparaffinized in xylene, hy- 
drated, and immunostained with the avidin-biotin-per- 
oxidase complex (ABC) technique, using the mono- 
clonal antibodies that are listed in Table 1. The sections 
were incubated with the primary antibody for one hour 
at room temperature, washed in phosphate-buffered saline 
(PBS), and incubated with biotinylated horse antimouse 
immunoglobulins (DAKO, Copenhagen, Denmark) for 
30 minutes, followed by ABC (DAKO) for 40 minutes. 
The peroxidase reaction was developed with a solution of 
3,3-diaminobenzidine and H;O,. Finally, the sections 
were counterstained with hematoxylin. In two cases, fresh- 


frozen tumor tissue was also available for immunohis- 
tochemical study. In these cases, cryostat sections were 
cut, dried, and fixed in cold acetone for 10 minutes. Im- 
munostaining was performed with the same ABC tech- 
nique and with the use of the following monoclonal an- 
tibodies: CD19 (Leu-12; Becton-Dickinson [BD], Moun- 
tain View, CA), CD22 (To 15; DAKO), CD2 (Leu-5; BD), 
CD3 (Leu-4; BD), CD4 (Leu-3a; BD), CD5 (Leu-1; BD), 
CD7 (Leu-9; BD), CD8 (Leu-2; BD), CD25 (IL-2 receptor; 
BD), CD35 (To 5; DAKO), CD57 (Leu-7; BD), and HLA- 
DR (BD). 


RESULTS 


The clinicopathologic characteristics of the patients are 
summarized in Table 2. In this series, there were seven 
men and two women. Ages ranged from 9 to 89 years, 
with a mean of 64 years and a median of 56 ycars. 

Six patients presented with nasal obstruction, two with 
rhinorrhea, and two with epistaxis. Five patients had facial 
pain and headache. Unilateral proptosis and paresthesia 
of the cheek were reported in two and one patients, re- 
spectively. Only one patient (patient 1) had fever and 
weight loss. The duration of symptoms before diagnosis 
ranged from 4 to 40 weeks (mean, 4.3 months; median, 
2 months). 

When it was diagnosed, lymphoma was lim:ted to the 
nasal cavity in three patients. The other six patients had 
multiple sites of involvement, including the nasal cavity 
in five patients, the antrum in six, the ethmoid in two, 
the orbit in two, and the hard palate in one. 

Extrasinonasal involvement was evident in four patients 
(4495). In two patients, distant involvement of the lung 
and stomach was detected during staging maneuvers; in 
one patient (patient 6), cutaneous nodules developed on 
the lower extremities 9 months after diagnosis, and, in 
the other patient (patient 1), involvement of the cervical 
lymph node, testes, and trunk skin developed 15 months 


TABLE 1. MONOCLONAL ANTIBODIES REACTIVE ON PARAFFIN-EMBEDDED MATERIAL USED IN THIS STUDY 


Antibody 
(cluster of differentiation) 


Immunoreactivity 


Source 


EMA Epithelial cells and some lymphoid cells DAKOPATTS (Copenhagen, Denmark) 
CAM 5.2 Low molecular weight keratins, epithelia Becton-Dickinson (Mountain View, CA) 
PD 7/26 + 2B11 (CD45) Leukocyte common antigen DAKOPATTS 
L-26 B-lymphocytes DAKOPATTS 
MB-1 (CD37) B-lymphocytes, some mature T-lymphocytes, BioGenex (San Ramon, CA) 
macrophages and monocytes 
MB-2 B-lymphocytes BioGenex 
LN-! (CDw75) B-lymphocytes, particularly follicular center cells BioGenex 
4 KB-5 (CD45RA) B-lymphocytes and some T-Cell subsets DAKOPATTS 
MT-! (CD43) T-lymphocytes, histiocytes, myeloid cells, BioGenex 
erythroid precursors, megakaryocytes 
UCHL-1 (CD45RO) T-lymphocytes, macrophages, myeloid cells DAKOPATTS 
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TABLE 2. CLINICAL FINDINGS, DIAGNOSES, AND FOLLOW-UP OF NINE PATIENTS WITH SINONASAL LYMPHOMAS 


Initial Site of Involvement of Distant Diagnoses 
Case Age/Sex Disease Sites/Time (months) (WF) Therapy Status Time 
l 9/M Right nasal cavity Cervical lymph node LBL-U Radiotherapy DOD/24 M 
Skin, testes (15 M) Chemotherapy 
2 50/M Nasal cavity 
Right antrum No SCCL-T Radiotherapy ANED/34 M 
Right ethmoid CHOP 
3 58/M Left nasal cavity No MCL-T Radiotherapy ANED/80 M 
4 41/M Left nasal cavity MCL-T CHOP DOD/3 M 
Left nasal antrum Lung (synchronic) 
Left ethmoid 
9 89/M Right nasal cavity No MCL-T CHOP AWD/2 M 
Right antrum 
6 82/M Left nasal cavity Skin (9 M) LCL-B Radiotherapy DOD/24 M 
7 56/M Left nasal cavity No LCL-B Radiotherapy ANED/23 M 
Left antrum CHOP 
8 51/F Right antrum LCL-B Radiotherapy ANED/13M 
Right orbit Stomach (synchronic) Promace-Cytabom 
Hard palate 
9 73/F Left nasal cavity LCL-B CHOP ANED/6 M 
Left antrum No 
Left orbit 


M = male; F = female; WF = Working Formulation; CHOP = cyclophosphamide, adriamycin?, 
vincristine, prednisone; Promace-Cytabom = cyclosphosphamide, adriamycin, vincristine, meth- 


after diagnosis. The extranasal disease was documented 
histologically in skin (two cases), lymph node, testes, and 
stomach. 

Treatment regimens varied (Table 2). Most of the pa- 
tients had received local radiation therapy and/or che- 
motherapy. Eight patients had a good response; in seven 
cases the disease disappeared, whereas in one patient the 
tumoral mass was reduced after two months of chemo- 
therapy (patient 5). Two patients died with generalized 
disease (patients | and 6). In case 8, a second biopsy from 
the right antrum and stomach disclosed no evidence of 
disease after treatment. No response to treatment was ob- 
served in one patient (patient 4), who died three months 
after diagnosis. 


Histopathologic and Immunohistochemical Findings 


All of the lymphomas showed a diffuse growth pattern. 
Four cases had a predominance of large cells with large, 
round, or oval nuclei and several nucleoli located at the 
nuclear membrane (Fig. 1). All of these cases showed a 
variable presence of immunoblasts and large and small 
cells with cleaved nuclei. These cases were classified as 
large cell lymphomas (LCLs) or centroblastic lymphomas 
of polymorphous type. Three cases contained a diffuse 
infiltrate composed of medium-sized cells with irregular 
nuclei. Small and large cells with angulated and irregular 
nuclei also were present in variable numbers. These cases 
could be classified as diffuse mixed-cell lymphoma (MCL) 
or mixed size pleomorphic lymphoma (Fig. 2). In one 
case, the predominant cells were small lymphocytes with 


otrexate, bleomycin, VP-16, cytosine-arabinoside, prednisone; DOD = dead of disease; ANED 
= alive, no evidence of disease; AWD = alive with disease; U = uncertain lineage. 


irregular nuclei, condensed chromatin, and inconspicuous 
nucleoli. Cytoplasm was very scanty, and there were very 
few large cells with a blastic appearance. This case was 
classified as diffuse small cleaved cell lymphoma (SCCL) 
or small cell pleomorphic lymphoma. Finally, one case 
(case 1) consisted of sheets of medium-sized cells with 
round nuclei and was diagnosed as lymphoblastic lym- 
phoma (LBL). 

A variable degree of coagulative necrosis was observed 
in three cases (two MCLs and one SCCL). In each case, 
tumoral invasion of vascular structures—with complete 
occlusion of some vessels—was a prominent feature. 
Neurotropic infiltration by tumor cells also was seen in 
one of these cases (case 4) (Fig. 3). Neither angioinvasion 
nor coagulative necrosis was detected in the four LCLs, 
one MCL, or one LBL. Invasion of epithelial structures, 
overlying mucosal epithelium, mucosal glands, and skin 
was observed in two MCLs (cases 3 and 5). However, 
invasion of the mucosa was difficult to evaluate because 
of the extensive ulceration and superficial necrosis in most 
cases and because of the small size of some biopsy spec- 
imens. In three LCLs in which the nasal mucosa was pre- 
served, the epithelial layer was not invaded by tumor cells. 
A reactive inflammatory infiltrate of small, normal-ap- 
pearing lymphocytes, plasma cells, granulocytes, and his- 
tiocytes was seen predominantly in MCL and SCCL. 

The histologic appearance of lymphomas in extrasi- 
nonasal sites was similar to that observed in the sinonasal 
tumors. The gastric biopsy specimen from one case 
showed a partial substitution of gastric mucosa by sheets 
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Fic. | (upper, left). Diffuse large cell lymphoma involving left nasal cavity, case 6. Hematoxylin and eosin ( X4001. 


FIG. 2 (upper, right). Diffuse infiltrate composed of small and large cells with irregular nuclei, case 4. Hematoxylin and eosin. .250). 


Fic. 3 (lower, left). Vascular and perineural infiltration by atypical T lymphocytes, case 4. Hematoxylin and eosin (X 10 Jt. 


FIG. 4 (lower, right). Skin involvement without epidermotropism in a B-LCL, case 6. Hematoxylin and eosin (X100) 
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TABLE 3. IMMUNOHISTOCHEMICAL FINDINGS OF NINE SINONASAL LYMPHOMAS 


Histologic CD45 CD45RA MB-1 MB-2 L-26 LN-1 CD45RO MT-I Conclusion 
LBL - - 4 - - + U 
SCCL - - - - - m T 
MCL - - ND - - E T 


LCL ND ++ ND + ND — B 
LCL ++ +++ +++ +++ +++ =- B 


--LBG- V RR 
+ 





ND = not done; U = uncertain lineage. 
* On frozen-section study, case 4 was CD2, CD3, and CD4 positive and CD7, CD5, and CD8 
negative. 


of large and atypical lymphoid cells without evidence of 
lymphoepithelial lesions. Skin involvement in cases | and 
6 showed a dense infiltrate in the dermis without epider- 
mal invasion (Fig. 4). 

The immunopathologic findings are summarized in 
Table 3. No reactivity for CAM 5.2 and EMA was ob- 
served in any case, and all of the cases were positive for 
leukocyte common antigen (CD45). Four cases had a B- 
cell phenotype (Fig. 5), whereas four were interpreted as 
T-cell neoplasms (Fig. 6). The LBL was of uncertain lin- 


1 On frozen-section study, case 5 was CD2, CD3, CD7, CD8, and HLA-DR positive and CD5 
and CD4 negative. 


eage. The four B-cell tumors were LCLs with polymorphic 
features, whereas the T-cell lymphomas were SCCL (one 
case), or MCL (three cases). The immunohistochemical 
pattern of extrasinonasal lesions was identical to that of 
the primary tumors. 

The immunohistochemical study performed on fresh- 
frozen material in cases 4 and 5 disclosed an anomalous 
phenotype in both cases: CD3 and CD2 antigens were 
expressed, CD7 was lost in case 4, and CD5 was absent 
in both cases. One case expressed CD4, whereas the other 
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Fic. 5 (left). L-26 immunostaining of a large cell lymphoma, showing a membranous pattern, case 6. Immunoperoxidase-hematoxylin (X400). 


Fic. 6 (right). UCHL-1 immunostaining of a mixed-cell lymphoma, case 4. Immunoperoxidase-hematoxylin (X250). 
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case had an activated (HLA-DR positive) CD8 phenotype. 
This case was CD45RA positive and CD45RO negative 
on paraffin sections. | 


DISCUSSION 


Lymphomas of the sinonasal region are not a “single 
disease.” In a retrospective study of 98 malignant tumors 
of the nasal cavity and paranasal sinuses, we found ten 
lymphomas. This incidence of 10% is similar to the figures 
of 5.8-8% reported previously.^9? The clinical presen- 
tation and location of lymphomas investigated in the 
current study are similar to those observed in other large 
series.°"'° Most of the studies of sinonasal lymphomas 
have analyzed the clinicopathologic characteristics of these 
neoplasms. Their immunophenotypes have been assessed 


less often. In contrast to non-Hodgkin’s. lymphomas of . 


Waldeyer’s ring, which express a B-cell: phenotype,'**? 
most of the previously characterized nasal lymphomas 
have been found to be peripheral T-cell neoplasms. ^? 
These studies, however, were performed mainly on Ori- 
ental populations, in which T-cell lymphomas predomi- 
nate over B-cell types. The presence of four B-cell neo- 
plasms (44%) in our series and the predominance of B- 
cell types in other western studies*!? suggest that the phe- 
notype of sinonasal lymphomas is related in part to geo- 
graphic differences, with a higher ratio of B-cell lineage 
in western populations than in Oriental populations; 
however, we also found a high proportion of T-cell lym- 
phomas (five of nine). Other European.studies have noted 


pra 


were 


B ratio of sinonasal lymphomas is higher than that ob- 
served for lymph node neoplasms. 

The immunologic characterization of sinonasal lym- 
phomas shows a good correlation between the immuno- 


phenotype and histologic characteristics. In our study, . 


angioinvasion, coagulative necrosis, epitheliotropism, and 
inflammatory infiltrate only were associated with a T-cell 
phenotype. Three neoplasms with these characteristics 
were reactive for the pan-T markers UCHL-1 and MT-1 
and negative for all B antigens. Case 5 was CD45RA pos- 
itive in fixed-paraffin material and had negative results 
with other pan-B and pan-T-cell markers. This case had 
a T-cell-activated CD8-positive suppressor/cytotoxic 
phenotype on frozen-section analysis. Previous studies 
have demonstrated that CD45RA antibodies react with 
some normal and malignant T cells, mainly of CD8 sub- 
set.*? The LBL in our series'fiád positive. results with 
MT-1 and’ MB:2; with weaker staining with UCHL-1. 
MB-2 has been considered to be a pan-B marker, ??242628 
but it also reacts with some T-LBLs.^' MT-1 recognizes 


T-cell lymphomas as well as some B-cell neoplasms.”*?’”* 


Therefore, these results do not allow us to establish clearly 
the lineage of this lymphoma.: LCLs with centroblastic 
features had a B-cell phenotype. Two cases also were pos- 
itive with LN-1, an antibody that recognizes an antigen 
found mainly in large follicular center cells.?!? None of 
the B-cell lymphomas, nor the T-LBL, showed angiotrop- 
ism, coagulative necrosis, or epitheliotropism. 

The T-pleomorphic lymphomas had histologic char- 
acteristics of the so-called “polymorphic reticulosis" or 


: “midline malignant reticulosis."!696 This entity now is 


considered to be a malignant lymphoma of T lineage that 
is related to the angiocentric immunoproliferative le- 
sions.?^161557 Immunophenotypic studies have demon- 
strated that most of these T-cell proliferations are of T- 
helper type and that most of them have lost one or more 
T-cell antigens, as has been observed in nodal peripheral 
T-céll lymphomas.**° The two cases that we studied on 
fresh-frozen material also expressed an anomalous T phe- 
notype, with a loss of pan-T antigens (CD5 and CD7). A 
histiocytic phenotype rarely has been associated with 
midline lethal granulomas. 9^! 

Previous studies of sinonasal lymphomas have shown 
a trend for these lymphomas to disseminate outside the 
nasal and paranasal region, particularly to such extranodal 
sites as the gastrointestinal tract, skin, lung, brain, bone, 
and breast." ?:1514^1? Similarly, four of nine patients (44%) 
in our study presented with extranasal and extranodal 
disease. Previous studies on T-cell sinonasal lymphomas 
have demonstrated .a tendency toward dissemination, 


. mainly to the lung, skin, and gastrointestinal tract. No 


information is available regarding the spread of sinonasal 
B-cell lymphomas. In our study, extranasal involvement 


. by lymphoma was independent of phenotype, because 


two were of B-cell (stomach and skin) and two were of 
T-cell type (lung and lymph node; and skin and testes). 
The morphologic and immunohistochemical features of 
the extranasal biopsy specimens were.similar to those of 
the primary sinonasal tumors. 

Yamanaka and associates!" have shown that nasal 
lymphomas were associated with a poorer prognosis than 
Waldeyer's neoplasms. They suggested that these differ- 
ences could be related to the phenotype of the tumors 
because Waldeyer's lymphomas were mainly of B-cell 
type, whereas nasal neoplasms were T-cell neoplasms. It 
is not clear, however, whether the phenotype of sinonasal 
lymphomas can predict their progression. In our series, 
two of four long-term survivors had T-cell lymphomas. 

In summary, Western lymphomas of sinonasal area are 
more likely to be of B-cell origin than sinonasal lympho- 
mas presenting in Oriental populations. However, the T: 
B ratio of these lymphomas is still greater than that ob- 
served for lymph node neoplasms. Additional studies re- 
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porting large series from different geographic locations 
will be necessary if we are to clarify whether or not the 
relative frequencies of B and T malignant lymphomas are 
related to peographio variations. 
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The Transient Appearance of Small 
Blastoid Cells in the Marrow after 
Bone Marrow Transplantation 


SHOICHI D. KOBAYASHI, MT,' KUNIKO SEKI, MT, NORIKO SUWA, MT,’ 
CHIYOMI KOAMA, MT,! TOSHIHARU YAMAMOTO, MT,' KOUDOU AIBA, MT,’ 
ATSUO MARUTA, M.D., MICHIO MATSUZAKI, M.D., HITOSHI FUKAWA, M.D.,? 

HEIWA KANAMORI, M.D.? HIROSHI HARANO, M.D.’ 
HIROKO MIYASHITA, M.D.? AND FUMIO KODAMA, M.D? 


Of 14 patients who underwent allogeneic or syngeneic bone mar- 
row transplantation, 6 had a transient appearance of small blas- 
toid cells in the bone marrow after transplantation. Most of these 
patients (11) had leukemia, although 3 had severe aplastic ane- 
mia. The cells were 8-18 um in diameter and had scant cytoplasm 
and dense nuclei with smooth, homogeneous chromatin. They 
often had distinct nuclear clefts. These cells constituted 4.0- 
21.3% of the total number of bone marrow cells. They were not 
reactive with peroxidase, alpha-naphtyl butylate esterase, naph- 
thol AS-D chloroacetate esterase, or periodic acid-Schiff stains. 
Immunocytochemical analysis revealed that the small blastoid 
cells expressed terminal deoxynucleotidyl transferase, la-like, 
CD19, and CD10 antigens and cytoplasmic mu heavy chains, 


indicating a precursor B-cell phenotype. CD20 antiger was not 
expressed on these cells. The data suggest that cytoplasmic mu 
may be expressed earlier than CD20 antigen in the differentiation 
of B-cell lineage. The morphologic, cytochemical, and immu- 
nophenotypic characteristics did not distinguish these nonneo- 
plastic cells distinctly from leukemic lymphoblastic cells. The 
increase of small blastoid cells was a transient and se-f-limited 
phenomenon, in contrast to that of neoplastic blasts. These cells 
should be recognized as a common component of the bone marrow 
of marrow transplant recipients. The significance and role of 
these cells in immune recovery and hematopoiesis remain un- 
certain. (Key words: Blastoid cell; Bone marrow transpiantation; 
B-cell; Hematogones) Am J Clin Pathol 1991;96:191-195 





The transient appearance of small blastoid cells was rec- 
ognized in the bone marrow in 6 of 14 patients with leu- 
kemia in continued remission and aplastic anemia after 
allogeneic and syngeneic bone marrow transplantation. 
These cells had scant cytoplasm and dense nuclei with 
smooth homogeneous chromatin. They morphologically 
resembled the lymphoblastic cells observed in patients 
with L1 leukemia, as categorized by the French-Ameri- 
can-British (FAB) classification.’ These small blastoid 
cells have been recognized to be a minor component in 
the bone marrows of normal people.’ Significant increases 
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in the numbers of these cells have been reportec in a va- 
riety of disorders, and several other names have been ap- 
plied to them, according to the conditions of patients or 
the methods used: hematogones,” posttherapeutic lym- 
phoid cells,’ residual blasts. precursor cells, ^ terminal 
deoxynucleotidyl transferase (TdT)-positive cells, ^* 
common acute lymphoblastic leukemia antigen 
(CALLA)-positive cells.?-'? In this report, we present the 
immunophenotypic features of the small blastoic cells that 
appeared in the bone marrow of transplant recipients 
The significance of these cells also is discussed. 


MATERIALS AND METHODS 


Patients 


Bone marrow transplantation (BMT) was performed 
in 11 patients with hematologic malignancies in remission 
or the chronic phase (6 with acute myelogenous eukemia 
4 with acute lymphoblastic leukemia [ALL], and | with 
chronic myelogenous leukemia) and 3 with severe aplastic 
anemia during the period from June 1985 to August 1988. 
All marrow donors were HLA genotypically identical sib- 
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lings, with two exceptions. One of the latter was a phe- 
notypically identical mother, and the other was an iden- 
tical twin. A transient appearance of small blastoid cells 
(more than 4% of the total number of bone marrow cells) 
was recognized after bone marrow transplantation in 6 
of the 14 patients (Table 1). The recipients received 2.5- 
3.6 X 10* (mean, 3.2 x 10*) marrow cells/kg. The clinical 
assessment and gradation of graft-versus-host disease 
(GVHD) were based on involvement of gut, liver, and 
skin, as reported by Thomas and associates.'? All trans- 
plant recipients with severe aplastic anemia received a 
four-day conditioning regimen with daily cyclophospha- 
mide (50 mg/kg) and total lymphoid irradiation (800 cGy). 
Some transplant recipients with leukemia received a con- 
ditioning regimen of cytosine arabinoside (1.4 g/m^) (four 
doses on days —6 and —5), cyclophosphamide (60 mg/ 
kg) (two doses on days —4 and —3), and 1.250 cGy frac- 
tionated total body irradiation (TBI) from day —2 to day 
0 (patients 3-5). Others received a conditioning regimen 
of busulfan (37 mg/m?) orally (16 doses on days —9, —8, 
—7, and —6) in place of TBI (patients 1 and 2). All six 
patients receiving allogeneic grafts and one patient re- 
ceiving syngeneic bone marrow transplantation received 
short term methotrexate (10-15 mg/m?/day) and contin- 
uous infusion of cyclosporine (3 mg/kg/day) as GVHD 
prophylaxis. 


Marrow Examination 


When possible, bone marrow aspiration was performed 
(after informed consent was obtained) every week during 
the first 35 days after transplantation, two or three times 
between days 36 and 100 posttransplant, and when needed 
thereafter. Bone marrow smears were stained with May- 
Grünwald-Giemsa and various cytochemical staining and 
immunocytochemical stains. At least 400 small blastoid 
cells were evaluated in each May-Grünwald-Giemsa- 
stained bone marrow smear. Bone marrow smears were 
stained with periodic acid-Schiff (PAS), alpha-naphtyl 


butylate esterase, and naphthol AS-D chloroacetate es- 
terase stains. 


Immunocytochemical Staining 


Immunoalkaline phosphatase methods were used ex- 
clusively for immunophenotypic analyses in this study, 
largely because of the documented superiority of these 
methods to those using horseradish peroxidase when ap- 
plied to tissues rich in endogenous peroxidase.'* One of 
two different methods was used on each case, depending 
on the relative efficiency of each commercially available 
kit in the detection of the antigen of interest: the avidin- 
biotin alkaline phosphatase complex (ABC) method 
(VectaStain ABC-AP*, Vector Laboratories, Burlingame, 
CA)'?'* or the biotin streptavidin (BSA) alkaline phos- 
phatase complex (StrAviGen AP*, BioGenex Laborato- 
ries, Dublin, CA). 

Bone marrow smears were air dried and either stained 
on the day of preparation or stored at —35 °C until stain- 
ing. Smears were fixed in formol-buffered acetone (200 
mg/L Na;HPO, and 200 mg/L KH>PO, in 45% acetone 
and 25% concentrated formalin) for 30 seconds at 4 °C. 
acetone for 60 seconds at 4 °C, and methanol for 15 min- 
utes at —20 °C. After being washed for 15 minutes in 
three changes of phosphate-buffered saline (PBS), pH 7.5, 
a circumscribed area of each smear was overlaid with di- 
luted normal serum from the species from which the sec- 
ondary antibody was made and placed in a humid cham- 
ber for 20 minutes at room temperature. Next, this area 
was overlaid with monoclonal antibodies diluted in PBS 
for 30-180 minutes at room temperature or overnight at 
4 °C in a humid chamber and washed for 15 minutes in 
three changes of PBS. Then, the area was overlaid suc- 
cessively with each of the following reagents in a humid 
chamber for 30-40 minutes at room temperature or at 
37 *C: biotinylated horse or goat antimouse IgG anti- 
serum, followed by avidin-alkaline phosphatase complex 
or streptavidin-alkaline phosphatase complex. Each in- 


TABLE 1. CLINICAL CHARACTERISTICS OF PATIENTS 


Patient Diagnosis Acute Chronic Viral Infection Survival Current 
No. (FAB) Age/Sex GVHD GVHD (day of onset) (months) Status 
l AML (M5b) 22/M 0 — 22+ CR 
2 AML (M2) 38/M 0 — 20+ CNS RLPS 

3 ALL (L1) 16/F I VZV (47) 31+ CR 

4 ALL (L1) 18/F I Localized CMV (57), CMVIP 274 CR 
(197) 

5 ALL (L2) 18/M 0 Localized — 30+ CR 

6 SAA 39/F ] Systemic CMV (53), VZV (59), 40+ CR 
HSV (420) 

7 SAA 43/M 0 Systemic VZV (76) 17+ CR 


co eee 


FAB = the French-American-British classification of acute leukemias: AML = acute myelogenous 
leukemia; ALL = acute lymphoblastic leukemia; SAA = severe aplastic anemia: GVHD = graft- 


versus-host disease, VZV = varicella-zoster virus; CMV = cytomegalovirus: IP = interstitial pneu- 
monitis; CR = complete remission; CNS RLPS = relapse in central nervous system. 
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cubation was followed by a 15-minutes wash in three 
changes of PBS. The cells were exposed to an alkaline 
phosphatase substrate solution consisting of naphthol-AS- 
B1-phosphoric acid as substrate, hexazotized new fuchsin 
as coupler, and levamisole for 10-20 minutes. Smears 
then were washed in PBS and counterstained with Mayer's 
hematoxylin. 


Antibodies 


The following purified murine monoclonal antibodies 
were used: anti-la-like antigen (I2), anti-CD10 (J5), anti- 
CD19 (B4), anti-CD20 (B1), anti-CD3 (T6), anti-CD3 
(T3), anti-CD5 (T1), anti-CD13 (My7), anti-CD33 (My9), 
NKH-1, MsIgG as a negative control serum (Coulter Im- 
munology, Hialeah, FL), antikappa (Yamasa Shoyu 
Company, Ltd., Tokyo, Japan), antilambda (BioGenex), 
antihuman mu heavy chain (antihuman IgM) (DAKO- 
PATTS A/S, Copenhagen, Denmark), and mouse anti- 
bovine TdT (received in kit form from Coulter). 


RESULTS 


On May-Grünwald-Giemsa-stained bone marrow 
smears, small blastoid cells were characterized by scant 


cytoplasm and dense nuclei with smooth homogeneous 
chromatin and ranged from 8 to 18 um (median, 10.6 
um) in diameter (Fig. 1). Generally, there were no nucleoli. 
The cytoplasm was devoid of granules, inclusions. or vac- 
uoles. These cells often exhibited distinct nuclear clefts. 

In each case, the peak percentage of small blasteid cells 
ranged from 4.0 to 21.3% (median, 15%) and occurred 
between days 55 and 365 after transplant. The proportion 
of these cells decreased subsequently, at a rate that varied 
among patients. 

There were no small blastoid cells in the peripheral 
blood of any patients. These cells showed no evidence of 
reactivity with PAS, alpha-naphtyl butylate esterase, 
naphthol AS-D chloroacetate esterase, or peroxidase 
stains. In six patients, immunocytochemica! analysis of 
bone marrows with increased percentages of smal! blastoid 
cells revealed that these cells expressed TdT in 86-96% 
(median, 96%), Ia-like antigen in 26-42% (median, 40%), 
CD19 in 14-22% (median, 18%), CD10 in 26-50% (me- 
dian, 30%), and cytoplasmic mu in 6-20% (median, 12%) 
of cases. No staining for CD20, immunoglobulm kappa 
or lambda light chains, CDI, CD3, CD5, NKH- , CD33, 
and CD13 was found (Table 2). 

Marrow engraftment occurred in all patients with 0.5 





FiG. 1. Photomicrographs of May-Grünwald-Giemsa-stained bone marrow smears illustrate a spectrum of morphology of small blastoic cells. Small 
blastoid cells are characterized by scant cytoplasm and smooth homogenous chromatin. Nucleoli are absent or indistinct. A (lefi). :400. Small 


blastoid cells often exhibit nuclear clefts. B (right), x 1,000. 
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TABLE 2. IMMUNOCYTOCHEMICAL ANALYSIS OF SMALL BLASTOID CELLS 


Immunophenotype (95) 


% Small Diameter 
Day Blastoid Mean K À 
Patient after Cells in (range) Cytoplasmic Light Light 
No. BMT Marrow (um) TdT la CD19 CDIO H CD20 Chain Chain CDI CD3 CDS NKH-1 CD33 CD13 
I 55 14.5  10.7(8-17) 86 30 18 26 6 0 0 0 0 0 0 0 0 0 
188 8.0 10.9(8-17) 96 40 16 50 10 0 0 0 0 0 0 0 0 0 
2 97 17.5 10.8 (8-18) 94 26 14 26 16 0 0 0 0 0 0 0 0 0 
183 19.0 11.0 (8-18) 96 36 14 30 18 0 0 0 0 0 0 0 0 0 
3 98 21.3 10.0(8-15) 96 40 16 48 16 0 0 0 0 0 0 0 0 0 
181 18.0 10.3(8-15) 96 42 20 44 10 0 0 0 0 0 0 0 0 0 
4 365 15.3 10.5 (8-17) 90 40 20 30 12 0 0 0 0 0 0 0 0 0 
5 64 13.8 10.8 (8-18) 96 36 18 28 8 0 0 0 0 0 0 0 0 0 
6 154 31.0 10.2(8-15) NT NT NT NT NT NT NT NT NT NT NT NT NT NT 
7 97 40 10.8(8-15) NT 40 22 36 20 0 0 0 NT NT 0 0 0 0 
NT = not -— 


t 


i 
i 


X 10? granulocytes/L at a median of 27 days (range, 17- 
31 days) after transplant. Acute GVHD developed 1n two 
of the five allogeneic marrow recipients. Chronic GVHD 
occurred in three of these patients. Cytomegalovirus 
(CMV) infection/reactivation, although clinically causing 
no symptoms, was documented on day 57 after grafting 
in one of the six patients with small blastoid cells (patient 
4); however, CMV pneumonitis developed by day 197. 
Other viral infections occurred in two patients (varicella 
zoster virus). A transient pancytopenia that probably re- 
sulted from|viral infection (case 4) or some unidentified 
cause (case 1) preceded the appearance of small blastoid 
cells in the bone marrow. No clear temporal correlation 
was found between the time that small blastoid cells were 
observed and the onset of acute, chronic GVHD or viral 
infection. Follow-up ‘ranged from 17 to 40 months. Five 
of six patients have shown no evidence of relapse. One 
patient (case 2) had a central nervous system relapse on 
day 395, but to date there has been no confirmation of 
bone — relapse. 


DISCUSSION 


This report describes the occurrence of a significant 
number of small blastoid cells in the bone marrow of 
marrow transplant recipients. Our studies of these cells 
confirmed that they were immature B-cell precursors. Our 
data on the expression of cytoplasmic mu and CD20 dif- 
fered from those of other investigators, 12199 who have 
described several distinct stages of B-cell maturation. For 
instance, Nadler and associates‘? investigated the expres- 


sion of Ia, CD19(B4), CD10 (CALLA), and CD20(B1) 


antigens in 67 cases of non-T ALL using indirect im- 


munofluorescence staining and flow cytometric analysis. 


These cases were subdivided into two groups, based on - 


the presence or absence of cytoplasmic mu. These authors 


concluded that the cytoplasmic mu-positive cells were 
more mature than CD20-positive S-precursor cells. In an- 
other study, Ryan and associates?) reported that CD20 
expression was unrelated to the presence of cytoplasmic 
mu in common ALL cells, in contrast to the expected 
pattern of normal CALLA-positive bone marrow lym- 
phoid cells, wherein CD20 positivity is correlated strongly 
with cytoplasmic mu expression. Although the percentage 
of cytoplasmic mu-positive cells among all small blastoid 
cells was low in our study, we showed that cytoplasmic 
mu could be detected in the absence of CD20. The dis- 
crepancy between our results and those in earlier reports 
may result from the sensitivity of the ABC technique and 
its attendant amplification of target labeling.?! However, 
our observation must be confirmed nonetheless by other 
investigators using both similar and disparate techniques. 
Many investigators have characterized immature Iym- 
phoid, blastoid-appearing cells in bone marrow. Depend- 
ing on the patient's age when the studies were performed, 
the methods used, and the hematologic disorders inves- 
tigated, a variety of other terms have been applied to de- 
scribe these cells, including hematogones,? posttherapeutic 
lymphoid cells? precursor cells,” TdT-positive cells," and 
CALLA-positive cells.?-!? Although the parameters that 
have been studied only partially overlap among these re- 
ports, the cells are generally compatible with each other 
in terms of morphologic characteristics, cytochemistry, 
and immunophenotype and correspond to the small blas- 
toid cells that we describe. Large numbers of morpholog- 
ically similar cells have been documented in a variety of 
hematologic disorders, including infectious mononucle- 
osis, hemolytic anemia, aplastic anemia, iron deficiency 
anemia, congenital neutropenia, idiopathic thrombocy- 
topenic purpura, erythrogenesis imperfecta, and amega- 
karyocytosis; in children with retinoblastoma, neuroblas- 
toma, rhabdomyosarcoma, ALL in remission, and BMT; 
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and in normal people.**2?3 Many patients described in 
the literature are young children—particularly newborn— 
or are those with actively regenerating marrows after a 
variety of cytopenias. We recognized an increased number 
of these cells in the marrows of several patients after bone 
marrow transplantation. 

In two of the three patients with cytopenias during re- 
covery from viral infection or resulting from an unknown 
cause within four months of BMT engraftment, an in- 
creased proportion of small blastoid cells was observed. 
Activated B cells putatively produce molecules capable 
of stimulating hemopoietic cells.” Perhaps the small 
blastoid cells participate in the regulation of hemato- 
poiesis, not early after BMT, but later in the engrafted 
marrow. 

Because these cells were identified as pre-B cells, their 
proliferation in the engrafted marrow may represent an 
immune response that is induced by antigenic stimulation, 
such as GVHD and viral infections. However, the emer- 
gence of increased numbers of small blastoid cells was 
observed in the absence of either GVHD (including one 
case of syngeneic BMT) or documented viral infections 
during the first year after transplant. Alternatively, in- 
creased numbers of small blastoid cells may result from 
hematopoiesis and immunologic reconstitution from stem 
cells after bone marrow transplantation. Hence, their 
presence may be regarded as part of a recapitulation of 
the ontogeny of the immune system. Nevertheless, the 
significance and function of these cells in immune recov- 
ery and hematopoiesis remain uncertain. 

Because the morphologic, cytochemical, and immu- 
nophenotypic characteristics of small blastoid cells did 
not distinguish them reliably from leukemic lymphoblastic 
cells, especially in cases of FAB-L1 leukemia, these cells 
should be further evaluated in bone marrow of patients 
with ALL, especially L1, in remission. These cells exhib- 
ited a transient and self-limited increase in the marrow, 
whereas the increase of neoplastic blasts usually is a pro- 
gressive one. It is important to remember that the occur- 
rence of these small blastoid cells after BMT does not 
necessarily denote relapse. 
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A Case of Acquired Factor X Deficiency 
with In Vivo and In Vitro Evidence of 
inhibitor Activity Directed Against Factor X 
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A 67-year-old woman had symptoms of an upper respiratory 
tract infection for which she received a five-day course of eryth- 
romycin. Epistaxis and gross hematuria subsequently developed, 
and the patient was found to have a selective Factor X deficiency. 
She received supportive therapy and prothrombin complex con- 
centrates (Factors H, VIT, EX, and X), with subsequent resolution 
of her transient Factor X deficiency. Her hospital course, how- 
ever, was complicated by the development of multiple cerebral 


Although acquired Factor X deficiency has been reported 
rarely in patients without amyloidosis, it is a well-described 
entity in patients with amyloidosis. The deficiency in these 
patients is attributed to enhanced clearance of circulating 
Factor X, resulting from the affinity of Factor X for amy- 
loid fibrils.!? 

In 1959, Graham and associates described a case of 
transient Factor X deficiency in a patient after exposure 
to the fungicide methylbromide.? In 1966, Stefanini and 
Wiggishoff reported mild transient Factor X deficiency in 
a patient with renal and adrenal cortical carcinomas.^ This 
mild deficiency resolved after the tumors were removed. 
It is interesting that the neoplasms were found incidentally 
while the patient was being evaluated for an upper respi- 
ratory tract infection. In 1969, Bayer and associates re- 
ported the case of a four-year-old boy with transient Factor 
X deficiency? No infectious, malignant, or toxic associ- 
ations were present in this case. In 1979, Peuscher and 
associates described a case of acquired Factor X deficiency 
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infarctions. This is the tenth reported case of transient Factor 
X deficiency not associated with amyloidosis. In seven of the 
previous cases, as in this patient, the deficiency was associated 
with a preceding upper respiratory infection. This is the only 
case, however, with evidence of inhibitory activity in the plasma 
that was directed toward Factor X. (Key words: Factor X inhib- 
itor; Hemostasis; Hemorrhage; Prothrombin concentrate) Am J 
Clin Pathol 1991;,96:196—200 


in a 57-year-old patient with lobar Mycoplasma pneu- 
monia. Five subsequent reports have described acquired 
Factor X deficiencies in patients with preceding upper 
respiratory tract infections."-!! In two cases, erythromycin 
had been administered.*'! 

We report the case of a patient with transient Factor 
X deficiency that developed after a viral upper respiratory 
illness that was treated with erythromycin. Serologic 
studies for Mycoplasma pneumoniae were negative. This 
case is unique in that both in vitro and in vivo coagulation 
studies showed evidence of inhibitory activity in the 
plasma, directed toward Factor X. The patient was treated 
with prothrombin complex concentrates (PCCs), and 
multiple cerebral infarctions developed subsequently. The 
cause of these infarctions is unclear, but they may have 
resulted from a transient hypercoagulable state induced 
by factor-replacement therapy. 


REPORT OF A CASE 


This 67-year-old woman was admitted with epistaxis and gross he- 
maturia. Her medical and family histories were unremarkable. Approx- 
imately one week before admission, she had fatigue, cough, fever, and 
chills develop after she swam in her pond. Her local physician examined 
her, and erythromycin and aspirin were prescribed empirically. 

Severe epistaxis and gross hematuria developed subsequently, and she 
was admitted to her local hospital, where she received vitamin K and 
fresh-frozen plasma. She was transferred to the Medical Center Hospital 
of Vermont two days later, with continued brisk hemorrhage. Physical 
examination on admission showed stable vital signs, with a respiratory 
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rate of 32 breaths/minute. She had evidence of epistaxis and buccal 
mucosal bleeding. Diffuse rales and rhonchi were present throughout 
both lung fields. She also had frank melena and heme-positive stool. 
The remainder of the physical examination was unremarkable. Relevant 
admission laboratory data included a platelet count of 224 X 10?/L (nor- 
mal range, 156-312 X 10°/L); prothrombin time (PT), 43.3 seconds 
(normal range, 11-13 seconds); activated partial thromboplastin time 
(APTT), 94 seconds (normal range, 25-37 seconds); thrombin time, 14.7 
seconds (normal range, 12-20 seconds); bleeding time greater than 15 
minutes (normal, 3-10 minutes); fibrinogen, 4.31 g/L (431 mg/dL) (nor- 
mal range, 1.70-4.10 g/L [170-410 mg/dL]); and Factor X concentration, 
4% (normal, 60-140%). The Factor II, V, and VII concentrations were 
within normal limits. 

Hypoxia developed rapidly in association with diffuse bilateral fluffy 
infiltrates seen on chest roentgenogram, necessitating elective intubation. 
On the second hospital day, she was given PCCs (Profilnine® [Alpha 
Therapeutics; Los Angeles, CA], Hyland IX Complex? [Hyland Ther- 
apeutics; Glendale, CA]; Factor II, VII, IX, and X replacement) and 
prednisone, 60 mg intravenously, twice a day. After initial in vivo recovery 
studies with Factor X assays, the patient's response to therapy was mon- 
itored by APTT and her clinical bleeding status. 

Over the next few days, her condition improved, with resolution of 
her bleeding and gradual correction of coagulation abnormalities (Fig. 
1). Serologic studies were performed, which showed no evidence of recent 
adenovirus, parainfluenza, influenza A or B, Mycoplasma, respiratory 
synctial virus (RSV), herpes, cytomegalovirus, or Epstein-Barr virus in- 
fections. She had negative Legtonella titers and a normal serum electro- 
phoresis. The patient was extubated on hospital day 12, at which time 
her factor-replacement therapy was discontinued. 

Two to three days after cessation of PCC administration, the patient 
had right leg weakness, right body dyspraxia, and a deterioration in mental 
status. A computed tomography (CT) scan of her head at this time was 
unremarkable. The patient's neurologic status improved over the next 
several days; however, she stil! had abnormal mentation, with flight of 
speech, labile affect, and persistent right leg apraxia. A repeat CT scan 
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FiG. 1, Changes in hemostatic parameters over the hospital course are 
shown diagramatically. Factor X (A ——— 4) and prothrombin (®- -@) 
levels are expressed as percent activity (1 u/mL pooled normal plasma 
= 100%) on the left X axis. The activated partial thromboplastin time 
(E+ - + 3) is expressed in seconds in the right y-axis. The inset figure in 
the right upper quadrant is an expanded view of the data from the box 
in the left lower quadrant demonstrating the disappearance time of Factor 
X following the initial prothrombin concentrate infusion Factor X 
(A — A). 


on the twentieth hospital day showed multiple cerebral infarctions; some 
of which were in the “watershed” distribution. These les.ons were cor- 
sistent with an embolic or ischemic event. She was discharged subse- 
quently to a rehabilitation facility and has recovered par.ially. 


MATERIALS AND METHODS 


Factor VlII-deficient substrates were purchased frozen 
from the New England Regional Hemophilia Center 
(Worcester, MA). Factor II and X deficient substrates were 
lyophilized plasma purchased from Dade (Miami, FL}. 
Factor V-deficient plasma was prepared by immunode- 
pletion as previously described. Lyophilized pooled 
plasma for 50/50 mixing studies was purchased from Dade 
(Miami, FL). Purified human Factor X was prepared bv 
the method of Bajaj and colleagues? and activated to 
Factor Xa with purified Factor X activator from Russell's 
viper venom (RVV-X), as described previously." RVV- 
X was isolated as described by Kisiel and colleagues.'' 
Prothrombin was purified from citrated frozen plasma as 
previously described.'? 


Plasma Collection and Processing 


Blood for PT, partial thromboplastin time (PTT), f- 
brinogen, thrombin time, and factor assays was collected 
in 0.1 mol/L sodium citrate-citric acid at a 9:1 whole 
blood-anticoagulant ratio. Plasma for platelet counts was 
collected 1n ethylenediaminotetraacetate (7.5 mg) Vacu- 
tainer? tubes (Becton Dickinson, Rutherford. NJ). Blood 
samples for fibrin degradation product analyses were col- 
lected in tubes containing thrombin (20 National Insti- 
tutes of Health (INIH) units per tube) and soybean trypsin 
inhibitor (approximately 3,600 NF units per tube) 
(Thrombo-Wellcotest? Collection Tube; Burroughs Weli- 
come Company, Research Triangle Park, NC). 


Factor Assays and Screening Tests 


Prothrombin time and APTT were performed by stan- 
dard automated methods using Dade Thromboplastin C - 
reagent (Dade, Aguada, Puerto Rico) and General Di- 
agnostics Auto APTT? reagent (General Diagnostics, 
Morris Plains, NJ). Functional fibrinogen levels were as- 
sessed with a Dade Fibrinogen Kit? (Dade, Miami, FI) 
on a BBL Fibrosystem? fibrometer, according to the 
manufacturer's instructions. Fibrin degradation products 
were measured with the use of the Thrombo-Wellcotest 
(Burroughs-Wellcome, Dartford, UK). Standard Ivy 
bleeding times were performed with the use of the Genera! 
Diagnostics Simplate II? device. Our normal range, based 
on a sample of 100 evenly matched male and female sub- 
jects, is 3-10 minutes. Thrombin times were obtained by 
adding bovine thrombin (10,000 NIH units; Parke-Davis, 
Morris Plains, NJ) to citrated plasma. The thrombin had 
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been adjusted to give a clotting time of 15.5—-16.5 seconds 
in normal plasma. Platelet counts were performed on a 
Coulter S+IV® by standard methods. 

Factor II and X coagulation assays were measured by 
a one-stage tilt-tube method against pooled reference 
plasma, as previously described.'© Mixing studies were 
performed by adding patient plasma to an equal quantity 
of normal plasma and measuring the PT and APTT as 
described above. Total Factor V activity was measured 
by a two-stage assay as described previously.!Ó 

Two-stage Factor Xa assays were performed by acti- 
vation of plasma with Russell Viper Venom (Wellcome 
Reagents, Ltd, Dartford, UK) before assay. Patient 
plasma, normal plasma, and an equal mix of patient and 
normal plasma were assayed. 

Purified prothrombin was added to normal sodium ci- 
trate-anticoagulated plasma to increase the prothrombin 
concentration from 100 mg/L (100 ug/mL) to 500 mg/L 
(500 ug/mL). PTs and PTTs were performed on these 
plasmas and appropriate control plasmas to evaluate the 
effect of high prothrombin concentrations on the screening 
assays. 


RESULTS 


In view of the patient's prolonged PT and PTT on ad- 
mission, 50/50 mixing studies were performed, and, as 
illustrated in Table 1, these showed only partial correction. 
This finding suggested the presence of an inhibitor rather 
than an isolated factor deficiency. 

To determine the specificity of the inhibitor, extrinsic 
and common pathway factor assays (Factors II, VII, V, 
and X) were performed. Factors II, VH, and V were nor- 
mal; Factor X was 4%. 

A Factor X assay using RVV-X activator was per- 
formed on an equal mixture of patient and normal plasma 
using a Russell's Viper Venom Factor X assay. A Factor 
X level of 32% was observed in the equal part mixture, 
in contrast to the 50% Factor X level observed in the 
control plasma. This inhibitory activity was verified by 
addition of purified human Factor Xa to patient plasma 
and normal plasma (10 mg/L [10 g/mL], final concen- 
tration). After a S-minute incubation, there was significant 
prolongation of the clotting time in the patient plasma 
compared with the normal pooled plasma (Table 2). 


TABLE 1. MIXING STUDIES 


PT (seconds) APTT (seconds) 
Normal Patient 1:1 Mix Normal Patient 1:1 Mix 
12 43.3 14.2 31 94 37 


PT = prothrombin time; APTT = activated partial thromboplastin time. 


TABLE 2. EFFECT OF ADDITION OF PURIFIED FACTOR Xa 
ON RUSSELL VIPER VENOM CLOTTING ASSAY 


Incubation 
Reaction Mixture Immediate 5 Minutes 
F Xa + normal plasma 22.1 seconds 35 seconds 
F Xa + patient plasma 24.7 seconds 65.6 seconds 


F Xa = activated Factor X. 


The Factor IX concentration is identified for commer- 
cially available Factor IX concentrates, but they also con- 
tain variable amounts of prothrombin, Factor X, and 
Factor VII. So that in vivo recovery studies could be per- 
formed more accurately, Factors IX and X and pro- 
thrombin were measured in several brands and lot num- 
bers of factor concentrates used to treat this patient. The 
findings are shown in Table 3. 

In vivo recovery studies, performed after infusion of 
PCCs early in the patient's hospital course, showed an 
accelerated clearance of Factor X. An estimated half-life 
of four hours was observed, which is considerably shorter 
than the expected half-life of 30 hours (Fig. 1). In con- 
trast, prothrombin levels increased rapidly to more than 
400%. In addition, with clearance of the X inhibitor and 
continued concentrate therapy, the Factor X level in- 
creased to a peak of 345% on the tenth day of factor re- 
placement (Fig. 1). The addition of large amounts of pro- 
thrombin (similar to the levels achieved in this patient) 
to normal plasma increased the PTT by 1.4 times and the 
PT by 1.3 times. The initially prolonged bleeding time 
was normal by the third day of concentrate therapy. 


DISCUSSION 


This is the tenth reported case of non-amyloidosis-as- 
sociated transient Factor X deficiency (Table 4). In pre- 


TABLE 3. ASSAYED LEVELS” OF FACTORS IX, X, AND I1 IN 
PROTHROMBIN COMPLEX CONCENTRATES 


A. Alpha Therapeutics Profilnine Lot CW7007A 
(vial assay value = 570 p F IX) 
Factor IX = 570 U/vial 
Factor X = 432 U/vial 
Factor Il = 576 U/vial 
B. Hyland IX Complex Lot 2836011A 
(vial assay value = 600 y F IX) 
Factor IX = 648 U/vial 
Factor X = 548 U/vial 
Factor Il = 606 U/vial 
C. Hyland IX Complex Lot 2836010AA 
(vial assay value = 600 u/F IX) 
Factor IX = 605 U/vial 
Factor X = 436 U/vial 
Factor Il = 612 U/vial 


F IX = Factor IX. 
* Concentration designated "U" for units with one unit being the amount of the specific co- 
agulation factor activity present in 1 mL of pooled normal plasma. 
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TABLE 4. TRANSIENT FACTOR X. DEFICIENCY 





Inhibitor 
Demonstrated 
Investigator Associated Disease Transient Directly Antibiotics 

Graham? and associates Fungicide Yes No Es 

Stefanini and Wiggishoff* Tumor: acute Yes No — 
pulmonary disease 

Bayer and associates" Nil Yes No = 

Peuscher and associates Acute pulmonary disease Yes No Penicillin 
(mycoplasma) 

Edgin and associates? Acute pulmonary disease Yes No — 
(viral) 

Bayer and associates’ Acute pulmonary disease Yes No Penicillin 
(viral) 

Hosker and Jewell!! Acute pulmonary disease Yes No Erythromycin 
(viral) 

Currier and associates® Acute pulmonary disease Yes No Erythromycin 
(viral) 

Henson and associates!? Acute pulmonary disease Yes No — 
(viral) 


vious case reports, inhibitory activity could not be doc- 
umented in association with the factor deficiency. In this 
case, the existence of an inhibitor was demonstrated 
clearly by in vivo and in vitro evidence. In vitro studies 
established the presence of a specific inhibitor to Factor 
X and Xa. In vivo recovery studies after infusion of PCCs 
showed a significantly decreased Factor X half-life. 

Seven previously reported cases of transient Factor X 
deficiencies also were preceded by upper respiratory tract 
infections.^5-!! It is hypothesized that antibodies to the 
microorganisms cross-reacted with the patient's Factor 
X. However, attempts to isolate specific immunoglobulins 
directed against Factor X in our patient were unsuccessful. 
Three patients, including this one, received erythromycin 
for their infections. It is not known whether this antibiotic 
played a role in the development of the factor deficien- 
cies, 9.!! 

The patient's clinical bleeding complications and lab- 
oratory hemostatic abnormalities improved dramatically 
after her factor concentrate replacement. It was believed 
that her acute respiratory failure resulted from intrapul- 
monary hemorrhage, which also responded to the re- 
placement therapy. The initially prolonged bleeding time 
with a normal platelet count may have been related to 
her aspirin therapy. In addition, an abnormal bleeding 
time has been reported previously in a patient with ac- 
quired Factor X deficiency and associated defects in 
platelet aggregation.? 

Another interesting feature in this case is the patient's 
subsequent development of multiple cerebral infarctions. 
The patient first manifested neurologic symptoms two to 
three days after factor replacement therapy was discon- 
tinued. There were no preceding hypotensive or ischemic 
events. On CT scan, these lesions were compatible with 


either embolic or ischemic infarctions with multiple, dis- 
crete, nonhemorrhagic lesions. The relationship of factor 
replacement therapy to the cerebrovascular events in this 
patient is unclear. It is conceivable that this treatment, 
which resulted in significant increases in the prothrombin 
and Factor X levels, predisposed her to the development 
of multiple thrombotic emboli. Thrombotic complications 
have been described in patients treated with PCCs.! ^" 
The most serious of these include myocardial infarctions 
and disseminated intravascular coagulation. In a previ- 
ously reported case, a large myocardial infarct developed 
in a 15-year-old hemophiliac, for which the patient sub- 
sequently received a cardiac transplant.'® It is interesting 
that the Factor X level was 400% at the time of infarction. 

Factor X replacement with PCCs appears to have been 
effective treatment for the acute bleeding episode. The 
patient's PT and PTT improved dramatically after re- 
placement therapy was started but did not become com- 
pletely normal until three days after PCC treatment was 
stopped. However, her bleeding clinical diathesis im- 
proved promptly, coincident with replacement therapy. 
Consequently, after the initial Factor X recovery studies, 
the patient's response to replacement therapy was mon- 
itored by the PT and APTT. Assays for Factors Ii and X 
that were performed subsequently demonstrated ex- 
tremely high levels of prothrombin. The high levels cf 
prothrombin appear to have affected the PT and PTT and 
may have played a role in the thromboembolic compli- 
cation. The cause of the prolonged PT and PTT associated 
with high levels of prothrombin is not clear, but may have 
resulted from increased "self-association"?? at these high 
concentrations. Such polymerization might hinder normal 
prothrombinase function. We conclude that PCCs con- 
stitute effective treatment for transient Factor X inhibitors. 
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However, Factor X levels should be measured to monitor 
therapy, to avoid unnecessarily high levels of vitamin K- 
dependent procoagulant proteins. 
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Red Blood Cell Alloimmunization 
Complicating Plasma Transfusion 
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AND BERNARD A. RUETHER, M.D.'? 


Well-known adverse effects of plasma transfusion include viral 
transmission, allergic complications, and rare anaphylactic re- 
actions. In making clinical decisions to transfuse plasma, a sel- 
dom-considered complication is that of red blood cell (RBC) al- 
loimmunization. The authors report a patient in whom strong 
IgM and IgG anti-E and weak IgG anti-JK*° RBC antibodies 
developed 15 days after infusion of two units of fresh-frozen 
plasma for volume expansion. These antibodies are potentially 


Although there is a consensus that definitive indications 
for the transfusion of plasma are limited,! and there is 
mounting evidence of the potential risk of blood product 
transfusion, plasma continues to be used in clinical set- 
tings where alternative and safer therapies are available. 
Among the well-known complications of plasma trans- 
fusions are viral disease transmission, allergic reactions, 
and rare anaphylactic reactions. Another rarely discussed 
complication is alloimmunization to red blood cell (RBC) 
antigens.? Alloantibodies to a number of RBC antigens 
have been associated with hemolytic transfusion reactions 
and hemolytic disease of the newborn.? We report the 
case of a patient in whom detectable antibodies developed 
against antigens that are generally considered to have low 
immunogenicity—E and JK*——-after transfusion of only 
two units of fresh-frozen plasma. 


REPORT OF A CASE 


This 71-year-old woman (para 0, gravida 0) was admitted for treatment 
of a bleeding intracranial aneurysm. Nine years earlier, she had received 
four units of RBC concentrate during a hip arthroplasty. On this ad- 
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hemolytic. This case underscores the importance of considerin; 
risks of plasma infusion. Plasma should not be used casually, 
especially for indications for which alternate therapies, such as 
crystalloid and colloid solutions, are available. (Key words: Red 
blood cell alloimmunization; Fresh-frozen plasma; Plasma in- 
fusion indications; Plasma infusion complications) Am J Clin 
Pathol 1991;96:201—202 


mission, an initial antibody screen, done when two units of RBCs wer: 
requested, showed no detectable antibodies. These units were not given, 
but the patient received two units of fresh-frozen plasma as a volume 
expander. Fifteen days after the plasma infusion, cross-ma:ching for RBC 
concentrates, as required for a craniotomy, revealed the presence of anti- 
E and anti-Jk*. 


MATERIALS AND METHODS 


Reagents from commercial sources (Immucor Canada 
Ltd., Edmonton, Alberta, Canada) for the detection and 
identification of antibodies against RBC antigens were 
used according to the manufacturer’s instructions. Pre- 
transfusion testing was performed by standard techniques, 
using low ionic strength saline, antibody identification, 
phenotyping, dithiothreitol inhibition, and grading.‘ 


RESULTS 


The patient’s RBC phenotype was A Rho(D) positive, 
and no unexpected antibodies were found on admission. 
Fifteen days after the fresh-frozen plasma transfusion, a 
strong IgM and IgG anti-E and a weak IgG anti-Jk? were 
detected (see below). An autologous control, done to ex- 
clude autoantibodies, was negative. Four units of E~, 
Jk(a-b-) RBC concentrates were cross-matched suc- 
cessfully. 

A 4+ RBC agglutinate was observed when the patient's 
serum was mixed and spun with panel RBCs for the iden- 
tification of anti-E. This reaction could be abolished by 
pretreating the serum with 0.01 mol/L dithiothreitol, 
which suggested that the antibody was of the IgM type. 
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The additional presence of IgG anti-E was detected by 
the indirect antiglobulin test using gamma chain-specific 
antihuman globulin. Appropriate controls were included 
to eliminate the possibility of agglutination resulting from 
IgM antibodies. The anti-Jk* antibody could be demon- 
strated only by the indirect antiglobulin test when ho- 
mozygous Jk(a+b—) panel RBCs were used in low ionic 
strength saline or when panel RBCS were pretreated with 
ficin. 

The donors of the two units of fresh-frozen plasma had 
negative antibody screens. One was typed as A, Rho(D) 
positive, E-, Jk(a+b—). The second donor was typed as 
A, Rho(D) positive, E+, Jk(a--b—). 


DISCUSSION 


Red blood cell alloantibodies usually develop as a result 
of RBC transfusion or as a complication of pregnancy. 
Intact RBCs in liquid plasma (i.e, plasma prepared from 
whole blood and stored at 4 ^C for more than six hours) 
can stimulate RBC antibody production occasionally.’ 
Plasma that is separated from whole blood within six hours 
of collection and snap frozen (fresh-frozen plasma) con- 
tains only traces of RBC stroma, which is cleared rapidly 
from the circulation after infusion, and causes immune 
response only rarely.^? As little as 0.024 mL of Rh-positive 
RBCS, or perhaps less, can cause primary sensitization in 
Rh-negative people.Ó Conceivably, a much lower dose is 
required to induce an anamnestic response. 

A strong anti-E of both IgM and IgG isotypes and a 
weak anti-Jk? developed in our patient after transfusion 
of two units of fresh-frozen plasma. Both donors were 
Jk(a-c-b—), and one was E-positive. The E antigen is 
thought to be 30 times and the Jk* antigen approximately 
720 times less immunogenic than the D antigen.’ It is 
possible that the two units of fresh-frozen plasma that 
were transfused were contaminated with a sizable amount 
of RBC stroma, even though they showed no hemolysis 
or RBC contamination on gross inspection. Although IgM 
RBC antibodies usually are considered to result from a 
primary immune response, we have no data to exclude 
the possibility of prior immunization to both the E and 
Jk? antigens at the time of transfusion nine years previ- 
ously. To our knowledge, the development of anti-E and 
anti-Jk? after plasma transfusion has not been reported. 

The National Institutes of Health consensus conference 
suggested that a tenfold increase in fresh-frozen plasma 
use had occurred in the past decade, although the indi- 


cations for its use are limited.! The circumstances in which 
plasma is considered to be of therapeutic value include 
replacement of isolated coagulation factors, reversal of 
the effects of coumarin-type drugs, massive transfusion, 
antithrombin III deficiency, treatment of immunodefi- 
ciencies, and therapy of thrombotic thrombocytopenic 
purpura. 

Despite ample evidence of considerable risk that is as- 
sociated with blood product transfusion in clinical settings, 
as much as 9096 of plasma is used for volume replacement 
or other reasons, including nutritional supplementation, 
which cannot be justified. The risks of plasma transfusion 
are considered acceptable when alternative treatment is 
not available; however, in most cases it is evident that 
many patients can be given safer products, such as crys- 
talloid or colloid solutions.? In addition to the recognized 
hazard of transmission of viral infection, including hep- 
atitis and possibly human immunodeficiency virus, there 
is also the possibility of alloimmunization to RBCS (and, 
by extension, white blood cells)—as illustrated in our 
case—as well as plasma proteins. 

Alloimmunization to RBCs seldom is considered in 
decisions to transfuse plasma products. The RBC anti- 
bodies detected in our patient are recognized to produce 
hemolytic transfusion reactions and hemolytic disease of 
the newborn in the proper clinical settings. 
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Identifying marker chromosomes of unknown origin in the clinical 
cytogenetics laboratory has been a problem historically, despite 
advances in specialized staining techniques. Determination of 
the origin of these marker chromosomes in patients with con- 
genital or malignant neoplastic disorders is essential for more 
complete diagnosis, counseling, and treatment. The authors de- 
scribe the use of fluorescent in sifu hybridization with chromo- 
some-specific alpha-satellite DNA probes to identify the origin 


Significant advances have continued in chromosome 
analysis and identification since the advent of chromo- 
some banding techniques. Despite this progress in spe- 
cialized techniques such as silver stains for nucleolar-or- 
ganizing regions (AgNOR), anticentromere stains, and 
distamycin/4' 6' Diamino-2-phenyl-indole (DAPI) stain- 
ing, there are still many congenital and hematologic cases 
exhibiting marker chromosomes that cannot be identified 
by these techniques. We describe the use of chromosome 
centromere-specific alpha-satellite DNA probes with flu- 
orescent in situ hybridization for identification of marker 
chromosomes of unknown origin in congenital and neo- 
plastic disorders. 


MATERIALS AND METHODS 


Chromosome preparations were obtained from phy- 
tohemagluttinin (PHA) stimulated peripheral blood 
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of marker chromosomes in two patients with congenital disorders 
and three patients with malignant neoplastic disorders. The im- 
pact of firm identification of the marker chromosome for the 
diagnosis of these patients is discussed. The authors also discuss 
the feasibility of using this technique routinely in the clinical 
cytogenetics laboratory. (Key words: Jn situ hybridization; 
Marker chromosome identification; Hematologic disorders; 
Congenital disorders) Am J Clin Pathol 1991;96:203-210 


lymphocyte cultures with the use of standard techniques! 
or from bone marrow direct or short-term unstimulated 
cultures harvested with robotic methods.? Metaphases 
were stained for G-bands by trypsin and Leishman’s stain 
(GTL) using a modification of the Seabright procedure." 
Q-bands by fluorescent quinacrine mustard (QFQ) using 
a modification of the method of Casperssoa and col- 
Jeagues,* and C-bands by barium hydroxide and Leish- 
man's stain (CBL) using a modification of the method of 
Sumner.? Metaphase analysis followed guidelines of the 
Association of Cytogenetic Technologists (ACT).Ó 
Fluorescent in situ hybridization was performed as fol- 
lows: Biotin-labeled alpha-satellite DNA chromosome- 
specific probes (Oncor, Gaithersburg, MD), at 1.5-2.0 ng; 
uL in a hybridization mix containing 500 ug/mL sonicated 
herring sperm DNA, 50% formamide, 2 X SSC (300 
mmol/L sodium chloride, 30 mmol/L sodium citrate) anc 
10% dextran sulfate, were applied to chromosome prep- 
arations, coverslipped, and sealed with rubber cement 
Chromosomal and probe DNA were denatured for 10 
minutes in an 80 °C oven; then hybridization was allowec 
to take place overnight (up to 20 hours) at 37 °C in e 
moist chamber. Posthybridization washes and fluorescen: 
signal amplification steps were performed according tc 
the methods of Pinkel and associates.’ The conditions o^ 
posthybridization wash stringency were determined witk 
the use of information provided with the probes. Chro- 
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mosomes were counterstained with 0.25 ug/mL propi- 
dium iodide (PI) in the antifade compound 1,4 diazabi- 
cyclo(2,2,2)octane. Fluorescent in situ hybridization was 
performed on unstained slide preparations that had not 
been previously analyzed cytogenetically. 

Hybridization sites were indicated by a yellow fluores- 
cent signal on the red fluorescent counterstained chro- 
mosomes upon excitation at 390—490 nm (filter H2; Leitz, 
Cincinnati, OH). Marker chromosomes were identified 
within the metaphases by a trained cytogenetic technol- 
ogist (C.R.S. or W J.K.), and the presence or absence of 
centromeric fluorescence was noted. Signal intensity was 
compared with the normal homolog within each meta- 
phase. Kodak Ektachrome 400? (Eastman Kodak, Roch- 
ester, NY) film was used to photograph metaphase cells. 

Before use on patient samples, each probe was evaluated 
on normal control metaphase preparations. For each 
probe used, more than 8096 of the control metaphases 
contained two easily identifiable sites of centromeric flu- 
orescence on an appropriately sized chromosome with 
the correct centromere index. Less than 1% of the control 
metaphases contained three hybridization signals. 

In some instances, the presence or absence of Y-DNA 
was confirmed by Southern blot analysis with the use of 
hybridization protocols described by Thibodeau and as- 
sociates. Most Y-DNA probes were purchased from the 
American Type Culture Collection (ATCC, Rock- 
ville, MD). 


RESULTS 


Patient I 


This four-year-old girl appeared to be of normal intel- 
ligence, although formal development assessment was not 
done; however, she was relatively short in stature (5th 
percentile). Other Turner features also were observed, so 
cytogenetic analysis was requested to establish the patient's 
karyotype. Analysis of 30 cells from a PHA-stimulated 
lymphocyte culture revealed a karyotype of mos45,X/ 
46,X,?r(?) (Fig. L4). Two cells had a 45,X karyotype, and 
28 cells had one normal X chromosome and a small 
marker chromosome that resembled a ring chromosome. 
Fluorescent in situ hybridization with alpha-satellite DNA 
probes specific for chromosomes X? and Y" revealed hy- 
bridization-specific fluorescence on the marker for only 
the X chromosome probe (Fig. 1B). Southern blot analysis 
of several regions of the Yq and Yp arms using probes 
47Z,! p500,!! pDP34,'* Y97,? pi2f!! py3.4, and 
pDP1007? excluded the presence of other Y-specific se- 
quences within the patient's DNA (data not shown). 


Patient 2 


In 1981, at age 11, this patient had features of Turner's 
syndrome and was referred for cytogenetic analysis at 
another institution. Analysis revealed a karyotype 
of mos45,X/46,X,+mar/46,X,+frag/47,X,+mar,+frag. 
Fourteen cells had a 45,X karyotype, 5 cells had a normal 
X and a marker chromosome, 13 cells had a normal X 
and a small fragment, and 14 cells had a normal X and 
both the marker and the fragment (ratio 3:1:3:3). With 
estrogen therapy, she underwent normal pubertal devel- 
opment. She now has normal menses and is attending 
college. 

Chromosome analysis performed at a second institution 
when the patient was 21 years old indicated that the same 
four cell lines were present, but in a 1:3:3:9 ratio (125 
metaphases analyzed). Additional analysis showed the 
marker chromosome to be C-band positive at one end. 
These results were duplicated by our laboratory with cells 
provided by the second laboratory (Figs. 24 and B). Flu- 
orescent in situ hybridization with the X- and Y-specific 
alpha-satellite probes showed both the fragment and 
marker chromosomes to be derived at least partially Y 
chromatin (Fig. 2C). The marker chromosome exhibits 
fluorescence at two distinct sites, even though only a single 
C-band was observed. Hybridization results therefore in- 
dicate the presence of Y-centromeric DNA at three dif- 
ferent sites among the two marker chromosomes. The 
presence of other Y-DNA sequences detected by probes 
pDP34, pDP1007, 47Z, p50f2, p12f, and Y97 was con- 
firmed by Southern blot analysis, but Y-DNA detected 
by probe pY3.4 was not present in total patient DNA 
(data not shown). 


Patient 3 


At age 19 years, this man presented with a primary 
mediastinal germ cell tumor. Two courses of bleomycin, 
etoposide, and cisplatinum chemotherapy were followed 
by surgical resection in April 1988. Two additional courses 
of bleomycin, etoposide, and cisplatinum were completed 
in June 1988. On a routine follow-up visit in March 1989, 
he had modest leukopenia (white blood cell [WBC] count, 
3.8 X 10? cells/L) with 2% blasts in the differential count. 
À bone marrow aspirate performed in May 1989 revealed 
16% blasts, with marker studies showing the cells to be 
terminal deoxynucleotidyl transferase (TdT) negative. At 
that time, chromosome analysis performed at another in- 
stitution indicated two apparently unrelated clones. One 
clone contained monosomy 7, with an unbalanced deriv- 
ative chromosome 5 [(5)t(?3;5)(q21;q22)], an apparently 
balanced t(14;18)(q11;p11.2), and one marker chromo- 
some. The second clone contained monosomy 5 and two 
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different marker chromosomes. One of these two marker 
chromosomes had the general appearance of an isochro- 
mosome 12p, although this identification was uncertain. 
Acute nonlymphocytic leukemia (ANLL) was diagnosed, 
and induction chemotherapy with high-dose cytosine 
arabinoside and daunorubicin was administered. Subse- 
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FIG. 1. A. (upper, left) Patient 1 karyotype: 46,X.?: B (upper 
Fluorescent in situ hybridization with chromosome X-specific pi 
Partial metaphase showing hybridization of the probe tc the norm 


(unlabeled arrow) and the r(?) chromosome. 


FIG. 2. A. (middle, left) Patient 2 karyotype: 47, X,4-mar.-- rag. B. (n 
right) Patient 2, C-bands: Partial metaphase with the siagle C-ban 
the marker chromosome. C. (lower, left) Fluorescent in situ hybridiza 
with the chromosome Y-specific probe. Partial metaphase showin 
bridization of the probe to the fragment (frag) and marker (ma 
mosomes. Note the hybridization-specific signal generated from tw: 
on the marker chromosome and from a single site he fragment 
mosome. 


quent chromosome analysis of bone marrow asp 
performed at the same institution, indicated the conti 
presence of the second cell line despite evidence of 
phologic remission. 

The Mayo Clinic Cytogenetics Laboratory perf 
chromosome studies on a direct bone marrow prepara 
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just before a bone marrow transplant in early March 1990. 
The patient's father was the donor. This analysis revealed 
a karyotype of 46,X Y=5/47,XY,+mar=5 (Fig. 34). The 
marker chromosome appeared similar to an isochromo- 
some 2p. but positive identification was not possible. 
Four weeks after the transplant, a follow-up bone mar- 
row aspirate was performed; the findings were consistent 
with early regeneration. Cytogenetic analysis revealed a 
karyotype of 46,XY=2/47,XY,+mar=3/47,XY,inv(5) 
(q22q23),+mar=15. The marker chromosome of this 
analysis again appeared similar to an isochromosome 12p. 
Fluorescent in situ hybridization with a chromosome 12— 
specific alpha-satellite DNA probe (provided by Dr. Hun- 
tington Willard, Stanford University) revealed the marker 
to be brightly fluorescent (Fig. 3B). Both normal chro- 
mosome p. centromeres were brightly fluorescent. No 
other normal chromosomes within the metaphases were 
positive. The fluorescence of the marker was approxi- 
mately twice|that of the normal chromosomes 12 in the 
same metaphases. This suggests that the marker contains 
two complements of chromosome 12 alpha-satellite se- 
quences. Although these data strongly suggest that the 
marker is an i(12p), we cannot exclude the presence of 
DNA Sequences from other chromosomes within it. 

Shortly after the last cytogenetic analysis, severe graft- 
versus-host disease developed and the patient died in April 
1990. 


Patient 4 


This 64-year-old man presented in April 1990, with a 
two-month history of weakness and fatigue. A peripheral 
blood smear was morphologically consistent with mac- 
rocytic normochromic anemia (hemoglobin [Hb], 9 g/ 
dL; WBC count, 4.7 X 10° cells/L; platelet [Pit] count, 
126 X 10°/L). The bone marrow was hypercellular, with 
granulocytic hyperplasia, and contained 3% blasts. Chro- 
mosome studies were not performed. 

Myelodysplastic syndrome (MDS) was diagnosed, and 
treatment with! folic acid and pyridoxine was started. 
Weakness and fatigue persisted, and a peripheral smear 
performed in May 1990 contained rare circulating blasts. 
A second bone marrow aspirate was performed, and gran- 
ulocytic hyperplasia was observed with increased imma- 
turity of the granulocytic cells. Scant fat was present. Blast 
cells constituted 3.9% of the differential count. Cytogenetic 
analysis of 20 metaphases from direct bone marrow prep- 
arations indicated a karyotype of 46,X Y=3/46,XY,—7, 
+1(7)=17 (Fig. 44). Additional analysis showed the r(?) 
to be C-band positive (Fig. 4B). Fluorescent in situ analysis 
with a chromosome 7-specific alpha-satellite DNA 
probe'* indicated that the r(?) was of chromosome 7 origin 
(Fig. 4C). In each of five normal metaphases examined 
that were from the direct bone marrow preparation, both 


chromosome 7 centromeres exhibited fluorescence. In 
each of ten abnormal metaphases examined, both the 
normal chromosome 7 and the marker chromosome re- 
vealed bright centromeric fluorescence. No other chro- 
mosome within the metaphases was positive. The fluo- 
rescence of the marker chromosome indicates the presence 
of chromosome 7 alpha-satellite DNA sequences. We 
cannot exclude the presence of other chromosomal DNA 
sequences within the marker. 

Within two months of the second bone marrow aspi- 
rate, the patient was found to have 12% blasts in the pe- 
ripheral blood. Approximately 30% blasts and atypical 
monocytosis were observed in a third bone marrow spec- 
imen. The blasts were peroxidase positive and contained 
Auer rods. Rapidly progressive acute nonlymphocytic 
leukemia was diagnosed (French-American-British clas- 
sification M2). The patient was treated with aggressive 
chemotherapy (daunomycin, cytosine arabinoside, 6- 
thioguanine, and prednisone) and entered a partial re- 
mission. Four months later (seven months after initial 
presentation), the patient died of progressive leukemia. 
An autopsy was not performed. 


Patient 5 


This 71-year-old man presented in April 1990, with a 
three-month history of bruising, epistaxis, and mild angina 
upon exertion. His peripheral blood counts and peripheral 
smear were consistent with anemia and thrombocytope- 
nia. The bone marrow was hypercellular, with dysery- 
thropoiesis and dysmegakaryocytopoiesis. Cytogenetic 
studies were not performed. 

Danazol treatment was started, and the patient’s platelet 
count increased. Within one month, his epistaxis returned 
and low-grade fever with night sweats developed. Again, 
he was found to be anemic and thrombocytopenic (WBC 
count, 4.1 X 10° cells/L; Hb, 8.8 g/dL; Pit count, 18 X 10? 
cells/L; peripheral blood contained 23% blasts). A repeat 
bone marrow aspirate was significantly hypercellular, with 
75% blasts. Special stains were performed and consistent 
with acute lymphocytic leukemia (ALL) (TdT and com- 
mon acute lymphoblastic leukemia antigen [CD10]— 
positive; peroxidase, butyrate esterase, and chloroacetate 
esterase— negative). Cytogenetic analysis of 20 metaphases 
from both a direct preparation and a 24-hour culture 
without mitogens revealed a karyotype of 46,XY,—20, 
+ mar (Fig. 5A). Fluorescent in situ hybridization with a 
chromosome 20-specific alpha-satellite DNA probe”? re- 
vealed fluorescence for the normal chromosome 20, as 
well as the marker chromosome (Fig. 5B), in each of seven 
metaphases examined. No other normal chromosomes - 
within the metaphases showed significant fluorescence. 
This indicates that the marker contained chromosome 20 
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centromeric DNA. Again, we cannot rule out the presence 
of other chromosomal DNA in the marker chromosome. 

The patient was treated with vincristine, prednisone, 
and daunorubicin, and he entered complete remission. 
Four months later, in September 1990, he had morpho- 
logic and cytogenetic evidence of relapse. 
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DISCUSSION 
Historically, determination of origi! 
chromosomes in clinical 
difficult but important task. A nbe 
techniques, such as C-banding. 
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FIG. 5. A. Patient 5 karyotype: 46,XY,—20,--mar. B. Fluorescent in situ hybridization with the chromosome 20-specific probe. Partial metaphase 
showing hybridization of the probe to the normal chromosome 20 (unlabeled arrow) and to the marker chromosome ( mar). In this experiment, the 


background fluorescence intensity is partially increased. 


centromere staining, and distamycin/DAPI staining, have 
been developed to facilitate such identifications. However, 
many marker chromosomes cannot be identified with 
these techniques because there is too little chromosomal 
material to stain or the staining results are inconclusive. 
We are beginning to effectively use a battery of chromo- 
some-specific DNA probes routinely for marker identi- 
fication by fluorescent in situ hybridization. 
Approximately 30 of the 3,800 PHA-stimulated lym- 
phocyte and amniocyte studies performed in our labo- 
ratory during 1989 contained unidentifiable marker 
chromosomes. In the case of congenital abnormalities, 
studies on family members often help determine whether 
the marker chromosome is derived from a balanced chro- 
mosome abnormality. However, we have found that 90% 
of these cases are not resolved by family studies, either 
because of the de novo nature of the marker or familial 
reluctance to pursue the matter. Approximately 50% of 
the cases involve autosomal abnormalities, and the re- 
mainder have markers that involve the sex chromosomes. 
Most of the latter patients have a phenotype of Turner's 
syndrome or ambiguous genitalia. It is especially impor- 
tant in these cases to determine whether mosaicism of the 
sex chromosomes exists, because such patients have an 
increased susceptibility to gonadoblastomas.! In such 
cases, our laboratory has performed a Southern blot anal- 
ysis ofthe patient's DNA to determine whether Y-specific 
DNA was present. However, this procedure necessitates 
a second phlebotomy, and the results take approximately 
two to three weeks to process. Fluorescent in situ hybrid- 
ization, in addition to providing results that can be re- 
ported without delaying the cytogenetic study, also de- 
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termines whether the marker in question is derived from 
a specific chromosome.!® 

The fluorescent in situ hybridization results for patient 
| revealed that the marker chromosome is derived at least 
partially from an X chromosome. Because the Southern 
blot analysis verifies the absence of other Y-DNA in the 
genome, this patient has little risk for development of 
gonadoblastoma. However, the fluorescent in situ analysis 
of the marker and fragment chromosomes of patient 2 
showed that both contained DNA of chromosome Y or- 
igin. Southern blot analysis indicated the presence of a 
significant amount of Y-DNA in the genome other than 
the centromeric DNA detected by the alpha-satellite 
probe. This patient is at risk for gonadoblastoma, and, 
despite her normal pubertal development, aided by the 
estrogen therapy, a prophylactic gonadectomy is being 
considered. 

Cytogenetic analysis plays a critical role in the diagnosis 
and treatment of patients with neoplastic disorders. He- 
matologic studies generally produce a greater number of 
marker chromosomes than do congenital studies. Ap- 
proximately 150 of the 3,300 bone marrow and unstim- 
ulated peripheral blood studies performed in our labo- 
ratory during 1989 contained marker chromosomes of 
indeterminate origin. In many cases, as in the three out- 
lined here, the use of fluorescent in situ hybridization is 
crucial in determining the origin of the marker chromo- 
some. 

One year after diagnosis of a mediastinal germ cell tu- 
mor, patient 3 presented with ANLL. At the time of this 
diagnosis, two cytogenetic clones were found in the bone 
marrow. One clone was monosomy 7 with other trans- 
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locations, and a second clone contained a marker chro- 
mosome that resembled an i(12p). The patient underwent 
bone marrow transplantation, and subsequent chromo- 
some cytogenetic studies were performed at the Mayo 
Clinic Cytogenetics Laboratory. 

A single abnormal clone was found that had a marker 
chromosome that again resembled an i(1 2p). Fluorescent 
in situ hybridization studies with an alpha-satellite probe 
specific for the chromosome 12 centromere suggest that 
our initial impression was correct. This observation was 
significant because i(12p) has been associated with the 
metachronous appearance of mediastinal germ cell tumors 
and acute leukemias.'? These tumors have been postulated 
to be derived from the same pluripotent stem cell.” These 
recent reports suggest that patient 3 indeed may have had 
this kind of tumor. An alternative explanation is that pa- 
tient 3 inherited Pallister (Killian/Teschler-Nicola) syn- 
drome, with its associated constitutional mosaicism for 
isochromosome 12p.?'-? We cannot exclude this possi- 
bility, and it is important to mention that several patients 
with Pallister syndrome have had increased expression of 
the i(12p) within their bone marrow.” This might explain 
the coexistence of the isochromosome 12p and the lack 
of morphologic evidence of bone marrow relapse after the 
patient underwent bone marrow transplantation. Ín sup- 
port of this alternative explanation, neoplastic clones with 
monosomy 7 have been associated with secondary MDS 
and secondary ANLL (reviewed in Yunis and Brunning?). 
When patient 3 presented with ANLL, his bone marrow 
contained a clone with monosomy 7 but lacked the i(12p) 
marker chromosome. Contrary to this alternative expla- 
nation, patients with Pallister syndrome never have been 
reported to have mediastinal germ cell tumors, to the best 
of our knowledge.” 272529 Unfortunately, patient 3 died 
before cytogenetic studies could be performed on skin 
fibroblasts to determine whether this alternative expla- 
nation is correct. 

The clinical course of patient 4 progressed quite rapidly. 
Within two to four months, he progressed from having 
MDS resembling refractory anemia to having overt 
ANLL. This course is typical for patients with monosomy 
7 or deletion 7q.?^?? In patients with a ring chromosome 
7 or a ring chromosome derived from a chromosome 7, 
a similar course might be predicted. The marker chro- 
mosome of patient 5 appeared to be an abnormal chro- 
mosome 20 in which portions of its short and long arms 
(20p— and 20q-) were deleted. Fluorescent in situ hy- 
bridization demonstrated that the marker was derived 
partially from a chromosome 20. 

The usefulness of the fluorescent in situ hybridization 
method is limited, much like that of any other cytogenetic 
technique. One limitation is that the potential number of 


hybridization reactions can be quite large (24 to cover all 
chromosome centromeres) To select the appropriate 
probes, it helps to have some clues as to the origin of the 
marker chromosome (e.g., a consistently missing chro- 
mosome within metaphases). The metaphases of patients 
4 and 5 were missing a chromosome 7 and a chromosome 
20, respectively. However, it 1s important to emphasize 
that these clues may not be helpful, especially in hema- 
tologic malignancies. Such marker chromosomes could 
just as well involve other chromosomes. The traditional 
specialized stains such as C-bands and distamycin/DAPI 
still may be necessary to minimize the number of hy- 
bridization reactions that must be performed. This limi- 
tation may be obviated by the development of automated 
methods, as well as the knowledge that some alpha-satellite 
DNA probes are known to cross-hybridize with several 
chromosomes. Thus, batches of chromosomes can be 
eliminated by the use of a single probe. If particular cross- 
hybridizing probes produce a positive result, then the ap- 
propriate chromosome-specific probes can be used under 
higher-stringency conditions. 

A second limitation of this technique concerns the or- 
igin of DNA detected by the alpha-satellite DNA probe. 
These probes only identify the centromeric origin of 2 
marker. Although in many cases it is likely that the re- 
maining chromosome material is of the same origin as 
the centromere, the possibility exists that structural rear- 
rangements involving other chromosomes have alterec 
the noncentromeric portion of the marker, especially ir 
complex bone marrow cases. In the analysis of patients ! 
and 2, a Southern blot assay was necessary to determine 
the presence or absence of other Y-derived sequences ir 
the patients genome. For the analysis of patients 3-5. 
there is no assay that readily tests for the presence of sig- 
nificant portions of other chromosomes. It is important 
to note that acentric markers, by definition, would not bc 
identifiable with the use of the alpha-satellite DNA probes. 

Fluorescent in situ hybridization with chromosome- 
specific alpha-satellite DNA probes significantly expands 
the repertoire of the clinical cytogenetics laboratory fo- 
marker chromosome identification and thus provides a 
means for more accurate diagnosis. 
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Single Case Report 


Achromobacter xylosoxidans 
An Unusual Neonatal Pathogen 


YVONNE R. HEARN, M.D., AND RITA M. GANDER, PH.D. 


Perinatal acquisition of a rare pediatric pathogen, Achromobacter 
xylosoxidans, with evidence for in utero transmission, is de- 
scribed. Cultures from the mother and neonate demonstrated A. 
xplosoxidans. An ascending bacterial infection in the mother with 
clinical chorioamnionitis is presented as the probable mode of 
transmission, Postmortem examination of the infant confirmed 
Achromobacter meningitis. In contrast to the current case with 
transmission from mother to neonate, previously published neo- 


Achromobacter xylosoxidans—an aquatic, aerobic gram- 
negative bacterium— primarily is considered to be an op- 
portunistic pathogen and has been recognized as the eti- 
ologic agent in several pediatric nosocomial outbreaks. 
In 1958, a cluster of nosocomial Achromobacter infections 
resulted in six deaths in a newborn nursery over a three- 
month period.? Seven other cases of neonatal meningitis 
have been reported in the literature. The source of in- 
fection was not determined in most cases; however, nurs- 
ery equipment was suggested as the possible mode of 
transmission in five of the seven cases. In contrast, com- 
munity-acquired A. xylosoxidans infections are un- 
common. 

We describe a case of neonatal meningitis caused by 
A. xylosoxidans that was acquired perinatally. The source 
of the mother's community-acquired infection is un- 
known. This is the first documented case of transmission 
of A. xylosoxidans from mother to fetus. 


REPORT OF A CASE 


A 1,090-g female neonate of 27--28 weeks gestational age was born to 
a 28-year-old black woman (gravida 2, para 1). The mother was an un- 
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natal cases of Achromobacter infections indicate that nosocomial 
transmission of the organism is most common (79%). In addition, 
the literature review revealed a high mortality associated with 
meningitis (77%), frequent hydrocephalus, and subsequent neu- 
rologic sequelae (36%). To the authors’ knowledge, this is thc 
first documented case of maternal-fetal transfer of A. xylosox- 
idans. (Key words: Achromobacter xylosoxidans; Neonatal men- 
ingitis) Am J Clin Pathol 1991:96:211—214 


employed, lifetime resident of Dallas county without a significant travel 
history. She presented at six to seven weeks gestational age with a urinary 
tract infection. Acinetobacter calcoaceticus var. anitratus was recovered 
from her urine. She was not treated, and a follow-up urine culture wes 
negative. At approximately 25 weeks gestation, beta-hemolytic gram- 
positive cocci were recovered in low numbers from a uri 1e sample. Hcr 
physician prescribed 500 mg ampicillin per day for a total of seven days. 
but she did not comply with the oral ampicillin regimen. Approximately 
three weeks later, the woman presented in early labor with presumed 
chorioamnionitis. She was treated with intravenous ampicillin. After 12 
hours of labor, her membranes were ruptured artificiall, revealing pu- 
rulent amniotic fluid. Unfortunately, the amniotic fluid was not culture. 
Gentamicin and clindamycin were added to the antibio-ic regimen. 

Shortly thereafter, the patient spontaneously delivered a hydropic fg- 
male infant with Apgar scores of 5 at 1 minute and 7 at 5 minutes. The 
child required intubation for decreased heart rate and absence of spon- 
taneous respiration. Initial assessment included hydrops of unknown 
origin, prematurity, respiratory distress, and possible sepsis. The neona:e 
was treated with ampicillin, gentamicin, and ceftazidime. On the secor d 
day of life, pulmonary hemorrhage, bilateral grade 3 intraventricular 
hemorrhages, and gastrointestinal hemorrhage developed in the infar:t. 
Subsequently, A. xylosoxidans was recovered from two sets of blood 
cultures from the neonate, and the antibiotic regimen was changed :o 
ticarcillin/clavulanate and gentamicin. The infant's course was compii- 
cated, and her condition continued to deteriorate. Despite maximal sup- 
port, the infant died on the eighth day. 

Before delivery, a blood sample from the mother also showed A. ay- 
losoxidans. Clinically, the mother's condition improved dramatically in 
the immediate postpartum period. After three days of hospitalizaticn, 
she was discharged while being treated with amoxicillin/clavulanate. She 
was lost to follow-up. 


‘PATHOLOGIC FINDINGS 


At autopsy, examination of the neonate revealed ex- 
tensive anasarca, early bronchopulmonary dysplasia, 
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cloudy basilar leptomeninges with microscopic purulent 
meningitis, bilateral subependymal hemorrhage, cerebel- 
lar hemorrhage, significant thymic stress involution, and 
widespread extramedullary hematopoiesis. The placenta 
was not available for examination. | 

As mentioned previously, cultures from both the 
mother and neonate demonstrated A. xylosoxidans—in- 
cluding a culture of a blood specimen drawn from the 
mother 42 hours before delivery; and cultures of ante- 
mortem blood specimens drawn from the neonate at 6 
hours of age and 40 hours of age, and a postmortem men- 
ingeal culture. The bacterial isolates were identified as A. 
xylosoxidans, with the use of the Vitek Systems gram- 
negative identification cards (Vitek Systems, Hazelwood, 
MO). The identifications were further confirmed by elec- 
tron microscopic examination; peritrichous flagella were 
observed on the bacterial cells. The three isolates from 
the neonate and the single isolate from the mother dem- 
onstrated identical biochemical reactivities and antimi- 
crobial susceptibility patterns. The bacterial isolates were 
susceptible to amoxicillin/clavulanate, ticarcillin/clavu- 
lanate, trimethoprim-sulfamethoxazole, and imipenem. 
There was in vitro resistance to ampicillin, ampicillin/ 
sulbactam, piperacillin, mezlocillin, tetracycline, cefu- 
roxime, cefoxitin, ceftriaxone, ceftazidime, amikacin, 
gentamicin, tobramycin, chloramphenicol, aztreonam, 
and ciprofloxacin. Other microbiologic studies, including 
viral cultures and tests to detect bacterial antigens, did 
not reveal additional infectious causes in the mother or 
neonate. 


DISCUSSION 


Achromobacter xylosoxidans is an uncommon pediatric 
pathogen. Most A. xylosoxidans infections occur in high- 
risk patients, such as compromised hosts and neonates.” 
Neonatal infections usually include bacteremia and men- 
ingitis, followed by death.? The clinical and autopsy evi- 
dence for the current case documents a neonatal A. xy- 
losoxidans infection. 

The source of the mother's community-acquired Ach- 
romobacter infection is unknown. Epidemiologic data 
suggest that water is the natural reservoir of A. xylosoxi- 
dans. In the community, this organism has been recovered 
from well water! and swimming pools. Achromobacter 
is not found on fomites and does not appear to exist in 
nonaquatic habitats.? 

The mother was bacteremic with A. xylosoxidans 42 
hours before delivery. In addition, the isolation of a similar 
organism from the infant's blood at 6 hours of life and 
subsequently at 40 hours documented A. xylosoxidans 
bacteremia in the neonate. Therefore, it appears that this 
bacterium was acquired in utero. An ascending infection 


involving the birth canal, followed by chorioamnionitis 
and subsequent involvement of the neonate, appears to 
be the most plausible explanation. 

We speculate that the etiologic agent, A. xylosoxidans, 
may have originated in the mother's vagina or urinary 
tract.^? An ascending infection, as proposed in this case 
report, may be predisposed by a symptomatic or asymp- 
tomatic maternal urinary tract infection.” The mother had 
a history of recurrent urinary tract infections throughout 
her pregnancy. However, A. xylosoxidans was not recov- 
ered from her urine when she was admitted to the hospital. 
A possible explanation is that the organism was present, 
but in numbers undetectable by standard culture methods. 
Women of childbearing age can have urinary tract infec- 
tions and significant bacteriuria of less than 10? organisms 
per milliliter.!? 

Chorioamnionitis often is associated with membranes 
that have been ruptured for more than 24 hours. In con- 
trast, in this case the mother's membranes were ruptured 
artificially approximately three hours before delivery. 
However, acute chorioamnionitis may occur infrequently 
with intact fetal membranes or membranes that have been 
ruptured for less than 24 hours.!! 

Alternatively, blood-borne microorganisms may have 
infected the placenta, with secondary development of 
chorioamnionitis. Transplacental or hematogenous in- 
fections that result in villositis usually include only syph- 
ilis, listeriosis, tuberculosis, viral infections, toxoplasmosis, 
and malarial infections. There are only rare cases in which 
other microorganisms reach the placenta by the hema- 
togenous route. Pyogenic organisms produce septic in- 
farcts and extensive villositis when the placenta is in- 
volved.!! Placental examination would clarify this issue; 
however, the placenta from our case was not available. 

Another possible route of infection was through a col- 
onized birth canal.? A. xylosoxidans may be part of the 
normal colonic flora of some people and has been recov- 
ered infrequently from the vaginas of some women.” 
Theoretically, this neonate could have become colonized 
with A. xylosoxidans through the vaginal and colonic 
flora. However, considering the remoteness of perinatal 
or transplacental transmission of this bacterium, the most 
probable route of infection in this case was an ascending 
infection with subsequent chorioamnionitis. 

Including the current case, a total of 14 cases of neonatal 
Achromobacter infection have been reviewed.**!? The 
pertinent findings in these cases are summarized in Table 
1. The early onset of symptoms, positive antemortem ce- 
rebrospinal fluid culture, prematurity, high frequency of 
fatal outcome, and development of hydrocephalus with 
neurologic sequelae were the predominant features. ^ 9? 
The clinical features associated with Achromobacter in- 
fection in neonates are generally nonspecific. However, 
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Estimated Onset of 
Case Gestational Symptoms* Recovery of Achromobacter from Outcome of 
No. Age (weeks) (days) Clinical Specimenst+ Infection Author Year 
1 33 1 — Patient died Foley and associates, 1961? 
2 35 I Postmortem blood Patient died Foley and associates, 1961"? 
3 32 1 = Patient died Foley and associates. 19617 
4 39 Í Antemortem and postmortem Patient died Foley and associates. 1961" 
blood 
5 36 l Nose, throat, blood Patient died Foley and associates. 1961"? 
6 32 ] Nose, throat, blood Patient died Foley and associates, 1961 !? 
7 40 2 CSF, blood Patient survived Sindhu, 19716 
8 — «1 CSF Unknownt Sindhu, 1971° 
9 Premature 16 CSF Patient died Sindhu, 19715 
10 40 6 CSF Unknown$ Lee and Tan, {9724 
11 — «1 CSF Patient died Lee and Tan, 1972^ 
12 37 6 CSF, blood Patient died Lee and Tan, 1972^ 
13 33 «| CSF Patient died Namnyak and associates, 1985? 
14 30 «1 Antemortem and postmortem blood, Patient died This study 


postmortem meninges 


* Length of time following birth before onset of symptoms. 
+ Antemortem clinical specimens, unless otherwise noted. 
t Patient alive and well at 20 weeks of age; subsequently lost to follow-up. 


the mortality rate of 77% and the frequent development 
of neurologic sequelae are particularly striking. Only one 
long-term survivor was documented in the literature. Two 
additional infants were lost to follow-up after antimicro- 
bial therapy was completed. 

In the published cases, the sources of infection were 
not determined in most instances, except in the study of 
Foley and associates, which describes six deaths in a new- 
born nursery.* ? Although the mode of transmission was 
not proven, the available data suggested that the water 
used for washing the infants’ eyes probably contained the 
organism.!? Most of the previously reported cases were 
proposed to be nosocomial. For three of the neonatal 
Achromobacter infections, it was suggested that contam- 
jnated incubators were the source of the microorganisms. 
However, this was not documented. Two of three Achro- 
mobacter cases reported by Lee and Tan were linked to 
unspecified hospital nursery contaminants.* In the study 
of Lee and Tan, a maternal source was suggested for one 
of the neonatal infections, based on the early onset of 
symptoms after birth.^ In the case report of Namnyak and 
co-workers, describing neonatal Achromobacter menin- 
gitis, a community-acquired infection could not be ex- 
cluded because the infant was delivered at home? In 
summary, nosocomial acquisition is presumed in 11 of 
14 reported cases. A maternal source of infection is pro- 
posed in only one case, other than the current one.^ 9? 

Some confounding variables affect proper analysis of 
the previously published reports, including nomenclature, 
microbiologic technique, and absence of postmortem ex- 
aminations. The designation *Achromobacter" is consid- 
ered controversial. Bergey's Manual of Systematic Bac- 


§ Patient discharged at 6 weeks of age with hydrocephalus and lead pipe ri ;idity; subsequent , 
lost to follow-up. 


teriology does not accept “Achromobacter” as a genus." 
This microorganism is listed in Bergey's as Alcaligenes 
denitrificans subspecies xylosoxidans. However, the 
name “Achromobacter xylosoxidans” is recognized by 
experts at the Centers for Disease Control 2nd by most 
clinical microbiologists.!?!?6 Thus, the controversial no- 
menclature makes interpretation of some of the older H- 
erature difficult. 

In addition, techniques for the identification of non- 
fermentative gram-negative bacilli vary from institution 
to institution. Many laboratories rely on commercial sy 3- 
tems that may demonstrate diminished accuracy when 
used to identify Achromobacter species. Achromobacter 
isolates show restricted biochemical reactivity, oxidizing 
only a small number of carbohydrates, including xylose '“ 
Because of its limited biochemical characteristics, Aca- 
romobacter species may be confused with Pseudomonas 
species with the use of these commercial systems. How- 
ever, the genus can be distinguished easily from Pseu- 
domonas species when biochemical data are combined 
with morphologic observations. The former demonstrate 
peritrichous flagella, whereas the latter show a polar dis- 
tribution of flagella.’* 

Treatment regimens in the reported cases varied con- 
siderably, making comparisons difficult.4**? In the neo- 
nate we described, ampicillin, gentamicin, and ceftazidime 
were administered empirically. The infant’s bacterial iso- 
lates were resistant to these three agents. Later, the anti- 
biotic regimen was changed to ticarcillin/clavulanate a 1d 
gentamicin. Results from in vitro susceptibility tests de'n- 
onstrated that the Achromobacter isolates from the ne- 
onate were susceptible to ticarcillin/clavulanate. The iai- 
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tial use of potentially ineffective antibiotics may have 
contributed to the neonate’s death. 

In contrast, the mother’s condition improved clinically 
while she was receiving ampicillin and gentamicin. How- 
ever, the bacterial isolate recovered from her also dem- 
onstrated in vitro resistance to these two antimicrobials. 
In vitro results do not always correlate with clinical out- 
come. The combination of ampicillin and gentamicin may 
have acted synergistically in vivo. This possible enhance- 
ment of antimicrobial activity would not be reflected in 
the in vitro susceptibility results. A more remote expla- 
nation for the mother’s apparent clinical response to po- 
tentially ineffective agents is that the mother was tran- 
siently bacteremic. The organism was only isolated from 
a single blood culture from the mother. 

An antipseudomonal penicillin or a third-generation 
cephalosporin combined with trimethoprim-sulfameth- 
oxazole have been recommended as the drugs of choice 
for A. xylosoxidans infections, pending susceptibility test- 
ing.”!” Isolates of A. xylosoxidans generally are resistant 
to ampicillin, cephalothin, and the commonly used ami- 
noglycosides.^? 

As mentioned above, A. xylosoxidans has been con- 
fused occasionally with Pseudomonas aeruginosa. 1:16! 
An Achromobacter infection should be considered in the 
perinatal period when a nonfermentative gram-negative 
bacillus resistant to aminoglycosides is recovered from a 
neonate. Because some common antipseudomonal agents 
such as aminoglycosides are not effective against A. xy- 
losoxidans, it is imperative to make the distinction be- 
tween Pseudomonas and Achromobacter. ^6! 

In summary, the infant described contracted A. xylo- 
soxidans while in utero, probably through chorioamnion- 
itis, and died subsequently. To our knowledge, this case 
illustrates the first example in the literature of proven 
congenital acquisition of A. xylosoxidans. Furthermore, 
this case reminds physicians to include this bacterium in 
a differential diagnosis of neonatal infections, especially 
if a Pseudomonas-like organism is suspected. 
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Congenital Atransferrinemia 
A Case Report and Review of the Literature 


RANDY L. HAMILL, M.D.,! JOSEPH C. WOODS, M.D., AND BRUCE A. COOK, M.D. 


A four-year-old Polynesian girl with a two-year history of severe 
microcytic, hypochromic anemia (which was refractory to iron 
therapy) had a decreased beta-globulin fraction on serum protein 
electrophoresis, resulting from the absence of the transferrin 
(TRF) band. Subsequent assays for TRF showed a level below 
the detectable range. Liver biopsy revealed significant deposition 
of hemosiderin within hepatocytes and Kupffer cells, in addition 


to early fibrosis. Two bone marrow aspirates were hypercellular, 
with decreased myeloid-erythroid ratios. This case represents 
the eighth reported example of congenital atransferrinemia, a 
rare, apparently autosomal recessive disease. (Key words: Con- 
genital atransferrinemia; Anemia; Hemosiderosis; Therapy) Am 
J Clin Pathol 1991;96:215-218 





Congenital atransferrinemia (CAT) is an extremely rare, 
recessively inherited disorder. To date, only seven cases 
have been reported in the world literature. Transferrin 
(TRF) is a glycoprotein with a single polypeptide chain 
and a molecular weight of approximately 90,000 daltons, 
that mediates the transfer of hemoglobin iron and ab- 
sorbed iron to cells and storage sites.! Patients who have 
CAT or acquired atransferrinemia (AT) have moderate 
to severe microcytic, hypochromic anemia, with normal 
serum iron levels, high serum ferritin values, and a sig- 
nificantly low total iron-binding capacity (TIBC). Intes- 
tinal iron absorption continues, and iron overload can be 
expected to develop in all patients. We report an additional 
case of CAT in a four-year-old Polynesian girl from 
American Samoa, along with the literature on this topic. 


REPORT OF A CASE 


In April 1989, a four-year-old Samoan girl was referred to the Pediatric 
Hematology/Oncology Service at Tripler Army Medical Center for eval- 
uation of recurrent anemia associated with significant hepatospleno- 
megaly. The child's medical history included chronic hypochromic, mi- 
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crocytic anemia, which had required transfusion therapy on a’ least three 
occasions. She had been given iron several times without benefit. About 
three weeks before her transfer to Honolulu, the child was seen in the 
Pediatric Clinic of another institution in Pago Pago, American Samoa. 
At that time, she was febrile, with mild respiratory symptoms. She also 
had significant hepatosplenomegaly. A complete blood count was per- 
formed, and her hemoglobin level was 40 g/L (4.0 g/dL). Sae received 
transfusions of whole blood, and, subsequently, she was transferred to 
our hospital. When she arrived, additional history was obtained from 
her mother, who denied a family history of anemia. Additionally, the 
patient's mother stated that the child had no known history of blood 
loss and that multiple tests to detect blood in the stool had been negative. 


LABORATORY FINDINGS 


The hemoglobin level was 50 g/L (5.0 g/dL), with a 
mean corpuscular volume of 66.7 fL (66.7 um^;, a mean 
corpuscular hemoglobin concentration of 313 g/L (31.3 
g/dL), and an absolute reticulocyte count of 164 X 10°/ 
L (104,000 mm ?). The white blood cell count was 6.9 
x 10?/L (6,900 mm ?), with a normal differentia. analysis. 
and the platelet count was 555 X 10°/L (555,000 mm ?). 
Abnormal forms included teardrops, ovalocytes, and tar- 
get cells. Serum electrolytes, liver enzymes, and renal 
function tests were normal. Iron studies showed a tota! 
iron concentration of 3.40 umol/L (19 ug/dL) (normal, 
65-175 ug/dL), TIBC of 12.36 umol/L (69 ug/dL) (nor- 
mal, 250-410), and ferritin level of 783 ug/L (783 ng/ 
mL). Serologic results for hepatitis B virus, hepatitis A 
virus, Toxoplasma, and cytomegalovirus were negative. 
Serum protein electrophoresis showed a significantly de- 
creased beta-globulin fraction, resulting from the absence 
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FIG. 1. Serum protein electrophoresis strip. Arrow marks normal location of the transferrin band, which is easily visualized in the control. 





FIG. 2. Liver biopsy with marked hemosiderosis. Pearl’s iron stain (x600). 
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of the TRF band (Fig. 1). TRF was not detected by neph- 
elometry. The mother’s TRF level was 1.59 g/L (159 mg/ 
dL) (normal, 220-400 mg/dL). 

A bone marrow aspirate was hypercellular, with a de- 
creased myeloid-erythroid ratio. Iron stores were de- 
creased. To assess the patient's hepatomegaly, a percu- 
taneous liver biopsy was performed. There was a striking 
amount of Prussian blue-positive golden brown pigment 
(iron) in the hepatocytes and Kupffer cells (Fig. 2). Early 
bridging fibrosis was focally present. 


DISCUSSION 


Transferrin (siderophilin) is a glycoprotein with a mo- 
lecular weight of approximately 90,000 daltons and con- 
sists of a single polypeptide chain. It is synthesized pri- 
marily in the liver, but the reticuloendothelial system 
(RES) and some endocrine glands also have the capacity 
to produce TRF. In the plasma, TRF is bound not only 
to iron, but also to copper, zinc, calcium, and cobalt. A 
single TRF molecule binds two molecules of iron in as- 
sociation with an anion, which usually is bicarbonate. 
Iron is derived from catabolized hemoglobin and intestinal 
absorption. TRF then releases the iron for integration into 
ferritin and hemosiderin in the RES and into cells that 
synthesize iron-containing compounds (hemoglobin, 
myoglobin, cytochromes). ' 

Transferrin can be assayed by nephelometry or ra- 
dioimmunodiffusion and has a normal range of 2.0-4.0 
g/L (200-400 mg/dL). Another crude measurement of 
TRF is the TIBC, but it will overestimate the actual TRF 
because other plasma proteins such as albumin also bind 
iron.” 

Because TRF is a negative acute-phase reactant, low levels 
occur in many inflammatory and neoplastic conditions. 
Other conditions, such as liver disease (decreased synthesis) 
and nephropathies or enteropathies (increased loss), also can 
lead to decreased serum levels. In some cases, the levels are 
as low as those in CAT.*> However, the complete absence 


or trace levels of TRF are exceedingly rare, with only seven 
cases having been reported.**'° 

In these examples (Table 1), the children had severe 
microcytic, hypochromic anemia, with a low iron level 
and a low TIBC but elevated ferritin levels. Serum TRF 
levels ranged from undetectable to 0.39 g/L (39 mg/dL)." 
No other associated congenital anomalies or syndromes 
have been reported with this disorder. In addition to the 
severe anemia, there are major findings related to iron 
overload, which often is exacerbated by treatment with 
iron or blood transfusions. Symptoms are associated with 
increased iron deposition in the liver and RES. The pa- 
tients of Heilmeyer and associates and Dorantes-Mesa 
and associates and our patient all had severe hepatic he- 
mosiderosis that was documented by liver biopsy or au- 
topsy.*” The second of these patients also had splenic 
involvement. However, treatment with iron or blood 
transfusions probably increased the amount of iron de- 
position in these three cases. 

The exact cause of CAT is not entirely clear, but, be- 
cause parents of all of the affected children have low levels 
of TRF, transmittance of an autosomal recessive trait is 
suggested strongly. The putative carriers have no symp- 
toms and are not anemic.^*'? Thorough evaluation of 
additional cases of CAT or DNA analysis might help clar- 
ify this issue. 

Purified human TRF, as used by Kawakami and as- 
sociates, has been effective in the treatment of CAT." 
One patient had a dramatic increase in hemoglobin." 
Unfortunately, preparation of TRF is difficult and expen- 
sive. Other treatment modalities include transfusion of 
fresh-frozen plasma and the use of iron chelators. Our 
patient was treated with the latter two modalities, with a 
significant increase in hemoglobin concentration and in- 
creased urinary excretion of iron. Of course, erythrocyte 
transfusions are contraindicated, because these increase 
iron storage. 

Data are limited on the prognosis of patients with CAT. 
As stated previously, three of six patients had extensive 


TABLE 1. HEMATOLOGIC AND IRON METABOLISM DATA ON CAT CASES 


Transferrin g/L (mg/dL) 


Hemoglobin Iron pmol/L TIBC (umol/ 

Author Year Age/Sex g/L (g/dL) (ug/dL) L (ug/dL) Patient Parents M/F 
Heilmeyer* 1961 7/F 96 (9.6) 1.61 (9) 5.91 (33) 0.044 (4.4) 
Cap 1968 11 mos/F 48 (4.8) 5.37 (30) 5.37 (30) None 
Sakata? 1969 10/F 32 (3.2) 2.87 (16) 14.51 (81) 0.390 (39) 
Goya* 1972 8/M 64 (6.4) 2.15 (12) 8.24 (46) Trace 0.800 (80)/1.060 (106) 
Walbaum!'? 1971 IF 91 (9.1) 2.51 (14) 3.58 (20) None Normal/Normal 
Dorantes-Mesa’ 1986 9/F* 79 (7.9) 3.40 (19) None 1.100 (110)/1.150 (115) 
Dorantes-Mesa’ 1986 3/F* 79 (7.9) 0.062 (6.2) 
Hamill (this study) 1990 4/F 50 (5.0) 3.40 (19) 12.56 (69) None 1.59 (159)/— 

* Siblings. 
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i 
hemosiderosis of the liver, and one died. At the time of 


the case report, one patient who received purified TRF 
was alive after 17 years.!! Untreated patients probably 
will die early from hemochromatosis or congestive heart 
failure. — . 
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Poorly Differentiated Adenocarcinoma 
with Lymphoid Stroma 
(Lymphoepithelioma-like Carcinomas) 
of the Stomach 


Report of Three Cases with Epstein-Barr Virus Genome 
Demonstrated by the Polymerase Chain Reaction 


KYUNG-WHAN MIN, M.D.,! SONYA HOLMQUIST, M.D.,! STEPHEN C! PEIPER, M.D.,” 
AND TIMOTHY J. O'LEARY, M.D., Pu.D? 


Lymphoepithelioma of the nasopharynx is an undifferentiated 
carcinoma with prominent lymphoid infiltration. Histologically 
similar tumors have been documented in the skin, lung, thymus, 
salivary gland, tonsil, and uterine cervix. The authors report 
three cases of gastric carcinoma that were histologically and 
immunohistochemically similar to lymphoepithelioma. The pa- 
tients were elderly white persons (61, 76, and 77 years of age); 
two of them had previous partial gastric resections for benign 
ulcer disease. The tumors were located on the lesser gastric cur- 
vature (two cases) and at a previous anastomotic site (one case) 
and measured 3, 4, and 7 cm in largest dimension. Grossly, each 
neoplasm was a raised plaque-like lesion with a central ulcer. 
Microscopically, all three tumors were similar, with poorly dif- 
ferentiated polygonal tumor cells scattered throughout a dense 


Lymphoepitheliomas (LEs) of the nasopharynx have spe- 
cific histologic, immunohistochemical, and ultrastructural 
` features.!? By light microscopic examination, LE appears 
as poorly differentiated malignant cells that are arranged 
in cords or syncytial masses, or admixed singly with a 
prominent lymphoid stroma. The latter may be so pro- 
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lymphocytic background. In a few areas, tumor cells formed ill- 
defined cords. In two cases, the neoplasms invaded the gastric 
muscle layer but had a weli-delineated (pushing) margin. The 
tumor cells were immunohistechemically positive for AE3-de- 
fined keratin, confirming their epithelial nature. The lymphocytes 
were a mixture of UCHL-1-positive T cells and I-26-positive 
B cells. Portions of the Epstein-Barr virus genome were present 
in all cases, as detected by the polymerase chain reaction. The 
morphologic features of these cases are similar to those of Ilym- 
phoepithelioma in other anatomic sites, and these tumors rep- 
resent a unique subtype of gastric carcinoma. (Key words: Lym- 
phoepithelioma-like carcinoma: Epstein-Barr virus; Gastric 
carcinoma; Polymerase chain | reaction) Am J Clin Pathol 
1991;96:219-227 


nounced that the lesion can be mistaken for a lymphoma, 
justifying its designation as LE.? Elegant histopathologic 
analyses by many investigators, including Willis,* have 
shown that the malignant elements in LE are poorly dif- 
ferentiated squamous celis. Using electron microscopic” 
and immunohistochemical techniques," other investi- 
gators recently confirmed their squamous epithelial nature 
by demonstrating abundant cytoplasmic tonofilaments 
and strong immunoreactivity for cytokeratin. These find- 
ings led to the conclusion that LEs represent poorly dif- 
ferentiated carcinomas in the spectrum of squamous car- 
cinomas of the nasopharynx. However, some studies have 
claimed that the neoplastic cells in LE closely resemble 
those of tonsillar crypts,’ suggesting the possibility that 
LEs arise from crypt cells.| This contention is in contra- 
distinction to that attending common pharyngeal carci- 
nomas, which are thought to arise from the surface squa- 


mous epithelium. 
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Compared to squamous cell carcinomas, LEs occur in 
young patients and are more common in Chinese patients, 
who often are from Hong Kong.^' The latter finding sug- 
gests the possibility that certain infectious agents might 
be involved in their pathogenesis. In 1970, zur Hausen 
and co-workers? reported that Epstein-Barr virus (EBV) 
was associated with LE of the nasopharynx, and this ob- 
servation has been confirmed by other authors.*-!° These 
epidemiologic data have justified the separation of LEs 
from common nasopharyngeal squamous cell carcinomas. 

Lymphoepithelioma-like carcinomas have been re- 
ported in the skin,'' lung, ? thymus," salivary gland,'^ 
uterine cervix, stomach, and larynx," in addition to 
the nasopharynx. In some of these cases, parts of the EBV 
genome have been demonstrated in neoplastic cells, sug- 
gesting that the tumors resemble nasopharyngeal LEs, not 
only morphologically but also pathogenetically. 

We report three cases of LE-like carcinoma of the 
stomach that contained demonstrable EBV viral genome, 
as shown by the polymerase chain reaction (PCR). Two 
different highly conserved sequences of EBV-DNA were 
seen in these lesions. 


MATERIALS AND METHODS 


Two cases of gastric carcinomas (cases 1 and 2) with 
histopathologic features of LE were accessioned during a 
nine-month period at the Oklahoma Medical Center, and 
another case (case 3) was received in consultation. For 
routine histologic examination, tissue was fixed in 10% 
buffered formalin. Paraffin sections were stained with he- 
matoxylin and eosin, and immunostains were performed 
by incubating sections with the primary antibodies L-26, 
UCHL-1, anti-carcinoembryonic antigen (CEA; DAK- 
OPATTS, Carpinteria, CA), and AEI (Signet, Dedham, 
MA) and AE3 (Signet). Specific antibody-binding sites 
were demonstrated by applying a biotinylated, affinity- 
purified antimouse, rat, guinea pig, and rabbit IgG ‘“‘cock- 
tail" and streptavidin-peroxidase complex, with 3-amino 
9-ethylcarbazole as the chromogen. 


In Situ Hybridization (ISH) 


Five-micron-thick paraffin sections were mounted on 
adhesive precoated slides and baked for one hour at 60?C. 
After dewaxing and rehydration with deionized water, 
sections were digested with proteinase for 10 minutes. 
After three I-minute washings with wash buffer, the sec- 
tions were soaked in Quench Reagent for 10 minutes. 
The sections were washed and dehydrated through a series 
of graded alcohol and dried completely. Next the sections 
were heated on a 92°C heating block with EBV Pathogene 
(Enzo, New York, NY) for 5 minutes and incubated on 


a 37?C heating block for 30 minutes. Then 0.5 mL of 
Post Hybridization Reagent (Enzo) was applied to the 
section for 10 minutes. Hybridized sites were demon- 
strated by the ABC peroxidase technique. Human pla- 
cental genomic probe was used as positive control and no 
DNA probe was used for negative control. 


Polymerase Chain Reaction 


Polymerase chain reaction amplification of the EBV 
genome was performed by two different methods: 

PCR Method 1. The procedure for PCR amplification 
using paraffin tissue sections was modified from that of 
Shibata and associates.'’ Two 6-um sections of tissue were 
cut from each block and placed in an Eppendorf tube. A 
fresh microtome blade was used for every specimen to 
avoid carryover of DNA from one specimen to the next. 
The paraffin was dissolved by vortexing the sections in 
800 uL xylene. After addition of 400 uL ethanol, each 
tube was vortexed again and centrifuged at 14,000 rpm 
for 5 minutes. The supernatant was decanted, and the 
sample was resuspended by vortexing in 800 uL ethanol. 
After another 5-minute centrifugation, the supernatant 
was decanted again, and any remaining ethanol was re- 
moved with a microcapillary pipet. The sample was re- 
suspended in 100 uL nonionic detergent buffer (50 mmol/ 
L KCl, 10 mmol/L TRIS-HCI [pH 8.3], 2.5 mmol/L 
MgCl, 0.45% Nonidet P-40*, and 0.45% Tween 20®), to 
which 2.4 uL 2.5 mg/mL Proteinase K was added just 
before use. The sample then was incubated at 55 °C for 
one hour and 95 °C for 10 minutes to inactivate the en- 
zyme. The tube subsequently was centrifuged for 5 min- 
utes. A 6-uL aliquot of the supernatant was removed and 
diluted with buffer to a total of 15 uL; 0.5 uL and 2.5 uL 
of this suspension were added to the PCR reaction mix- 
ture, representing 1/250 and 1/50, respectively, of the 
DNA extracted from each 6-um tissue slice. (Generally, 
approximately 80% of cases give a positive signal for the 
control HER2 gene at these dilutions.) Cases that were 
negative after the initial PCR were retested using the 
equivalent of one fifth to one tenth of the DNA in a 6- 
um section. 

The PCR reaction mixture contained 5 uL 10X Taq 
polymerase buffer (500 mmol/L KCl, 100 mmol/L TRIS- 
HCl, 15 mmol/L MgCh, and 0.1% gelatin), 200 umol/L 
dNTPs, 100 nmol/L EBV primer, or 150 nmol/L HER2 
primer, and one unit Taq polymerase in a final reaction 
volume of 50 uL. Fifty microliters mineral oil was layered 
over the reaction mixture. After an initial 5-minute in- 
cubation at 95 °C, the samples were subjected to 40 PCR 
cycles lasting 1-minute each at 95 °C, a 1-minute cycle 
at 55 °C, and two cycles at 72 °C for 7 minutes. Then 
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. they were cooled to 4 °C. The MgCIA segment of the 
-EBV-DNA IR3 region was selected for identification. The 
. primers and.probe for this sequence were designed by 

Synthetic Genetics Company and: have. been described in 
its catalog (Table 1). This primer pair gives rise to a 240- 
base pair amplified product. The primers and probes were 
selected, based on a published pártial sequence for the 
gene (Table 1), and give rise to a 241—base pair amplified 
product. ParaffBin-embedded cells from an EBV-containing 
. Burkitt's lymphoma (Raji) cell line. were used as a positive 
control for EBV-DNA.. Negative ‘control material con- 
sisted of DNA extracted from a histiocytic lymphoma cell 


-line (SUDHLS35), which was obtained from Dr. Alan Ep- 


stein. In addition, negative controls for reagent contam- 
ination, consisting of all PCR reagents except template 
DNA, were used each time a PCR: assay was performed. 

Eighteen microliters. of the PCR product and 2 uL 
loading buffer were electrophoreséd in 2% NuSieve? aga- 
rose gel (FMC Bioproducts) and-.0.5%,agarose gel (Be- 


thesda Research Laboratories, Bethesda, MD) for 90 


minutes to two hours at 100 V. The gels were blotted 
overnight on an Oncor? nylon membrane; prehybridized 
for 30 minutes at room temperatüre in.Oncor Membrane 
Blocking Solution?, and hybridized for four hours at 45 
°C in 10 mL Oncor Hybrisol III?:with 100—200 ng end- 
labeled probe. (Oligonucleotide probes were prepared by 
5' end labeling with the use of ?P-:adenosine triphosphate 
and T4 DNA kinase.) The membrane:then. was washed 
twice (each wash. was.5 minutes) at room temperature 
and once for 10 minutes at 55 ‘°C; with-0:16X SSC and 
0.1% SDS. Clear bands were generally visible after 4-16 
hours of exposure on Kodak XA‘R5® film (Eastman Ko- 
dak, Rochester, NY). ` 

PCR Method 2. Specific amplification of a segment of 
the long internal direct repeat region of EBV-DNA was 
achieved with the PCR. as described previously.? Briefly, 
crude DNA templates were extracted from a single 8-um 
section of formalin-fixed, paraffin-embedded tissue by 
successive cycles of deparaffinization with xylene and re- 
hydration with ethanol, as described by Shibata and as- 
sociates.!" The dried pellet was boiled in buffer containing 
10 mmol/L TRIS-HCI. (pH 8.0):and 1 mmol/L ethylene 


TABLE 1.PRIMERS AND PROBE USED FOR PCR 


Epstein-Barr Virus Primers and Probe 





Sense primer: 
5 GACGAGGGGCCAGGTACAGG XY 
Antisense primer: l | 
5' GCAGCCAATGCTTCTIGGACGTTTTTGG 3' 
Probe: 
> CGTCCTCGTCCTCTTCCCCGTECACGTCCATGGTTATC- 
ACC 3' | | 


Vol. 96 + No. 2 


diaminetetraacetic acid and centrifuged, and the super- 


" natant was analyzed for the presence of EBV templates 


by the PCR. DNA from Raji cells and normal placenta 
served as positiveiand negative control templates, respec- 
tively. The DNA samples were incubated using the PCR, 


with oligonucleotide primers designed to amplify a 110- 
base pair segment of the long internal repeat region of 
EBV, as well as deoxynucleotide substrates, buffer, and 
Taq polymerase. Thirty cycles of amplification were ob- 
tained with a. Perkin-Elmer thermal cycler (Perkin-Elmer- 


_ Cetus; Norwalk, CT). Amplification products were sep- 


arated electrophoretically, and transferred to nylon 
membranes. The resulting blots were hybridized with an 
oligonucleotide probe that was specific for the amplified 
segment. Samples were considered to be positive if the 
probe annealed with a 110—-base pair species. Analyses 
were not considered valid unless all negative control re- 
actions (containing placental DNA or buffer in the place 
of template) yielded negative results. In addition to neg- 
ative and positive controls, three cases of gastric carci- 


. nomas of ordinary histologic features randomly selected 


. 2} . 
from cases diagnosed during the same period also were 


studied and served as controls. 


RESULTS 


Summary of Clinical and Microscopic Features 


Additional clinicopathologic data from our cases are 
shown in Table 2. In summary, each patient was an elderly 
white person with primary.carcinoma of the stomach. 
None had nasopharyngeal carcinoma or evidence of met- 
astatic disease. Two had partial gastrectomies in the distant 
past (35 years, 15 years) for benign ulcer disease. At follow- 
up, two patients were well 17 and 24 months after surgery, 
respectively. The third patient died of heart failure and 
sepsis one.month after partial gastrectomy. 


The tumors ranged in size from 3 to 7 cm in length ~ 


and from 0.5 to 1 cm in thickness. The gross appearances 
ofthe tumors were remarkably similar. Each tumor was 
a raised plaque-like lesion with relatively well-demarcated, 
pushing borders. The neoplasms were limited almost en- 
tirely to the submucosa, with only superficial erosion of 
muscularis (Fig. 1). The cut surfaces were grayish and 
granular, with superficial ulceration. | 
The microscopic appearances of all tumors also were 
similar. Poorly differentiated malignant cells were dis- 
persed throughout a dense lymphocytic background (Figs. 
2 to 4). Occasional syncytial aggregates or ill-defined cords 
of tumor cells were seen; however, most of them were 
singly dispersed or clustered, in small groups. The tumors 
were well circumscribed, with pushing margins (Fig. 4). 


In one case the neoplasm was limited to the submucosa. 
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TABLE 2. CLINICOPATHOLOGIC DATA 
See LLL LLL 


Clinical History 


Histologic Findings 


Poorly differentiated 
extension to the inner 
part of muscularis. 22 
Iymph node negative 


Poorly differentiated with 
a focus of gland 
formation on the 
surface limited to the 


Follow-up 


Died of congestive heart 
failure and sepsis | 
month after surgery. 
No autopsy 


1 month postoperation. 
Deep venous 
thrombosis. Alive and 
NTR 


submucosa. | lymph 

node negative 
Poorly differentiated. 

Infiltration to the 


2 days postoperation CVA 


Age/Race/Sex Surgical Procedure Gross Findings 
Case | A. Dysphagia 2 lesions 
77/W/F B. Sister died of A. 4.0 cm. Posterior wall 
perforated ulcer, no lesser curvature 
known history of ulcer central ulcer 
disease B. Raised nodular 
esophagogastric 
junction 
Case 2 A. 50% gastrectomy for 3.0 X 2.5 X 0.5 cm, firm, 
76/W/F benign ulcer disease central ulcer. Lesser 
B. Anemia curvature 
Case 3 A. Partial gastrectomy— 7.0 X 5.0 X 1.0 cm, raised 
61/W/M benign ulcer disease nodular. Posterior wall 


multiple (bilateral 


(1974) previous anastamotic superficial muscularis. frontal lobes). Alive 
B. Anemia, angina, site No lymph nodes and NTR 
nonspecific identified 


gastrointestinal 
disturbances 





NTR = no tumor recurrence; CVA, cerebrovascular accident. 


In the other two cases, most of the tumor was located in 
the mucosa and submucosa, with superficial invasion of 
the muscularis. All perigastric lymph nodes submitted 
with the specimens were free of malignancy. 

The malignant cells contained one or two prominent 
nucleoli within an oval nuclei with a clear to vesicular 
chromatin pattern. The eosinophilic cytoplasm was scant, 
with poorly defined borders. The tumor cells stained pos- 
itively for keratin (Fig. 5), as detected with AE3, which 
identified their epithelial nature. They were weakly pos- 
itive with the antikeratin AEI and moderately positive 
for CEA. In all cases, the lymphocytic infiltrate was com- 
posed of small to medium-sized lymphocytes, with fre- 
quent plasma cells and occasional eosinophils. Most of 
the lymphocytes were T cells, as shown by the UCHL-1 
stain (Fig. 6), and there were scattered B cells (L-26 pos- 
itive). In two cases, B cells formed nodules with secondary 
follicles. 


In Situ Hybridization 


Sections incubated with the EBV-DNA probe by in situ 
hybridization yielded equivocal results. 


PCR Results 


Method 1. Southern blot results demonstrated repli- 
cation products of EBV-DNA, as shown in Figure 7. 
Strong amplification products of EBV-DNA were present 
in cases 2 and 3, and amplification was less intense in 
case |. 


Method 2. Polymerase chain reaction amplification of 
DNA from paraffin sections showed a 1 lO-base pair seg- 
ment of DNA that was visible on ethidium bromide- 
stained gels. As shown in Figure 8, this segment annealed 
with the oligonucleotide probe that is specific for this re- 
gion ofthe long internal direct repeat of the EBV genome, 
confirming that it was amplified from viral templates. A 
strong signal was evident in a one-hour autoradiogram, 
indicating a relative abundance of EBV genomes. Similar 
exposures of parallel amplification products from three 





FIG. 1. Cross-section of a gastric carcinoma through the tumor in case 
3, showing a plaque-like tumor extending to the muscularis propria. 
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FiG. 2. Low-magnification photomicrographs of the 
gastric tumor in case |, showing a diffuse mono- 
nuclear cell infiltrate. Scattered large atypical tumor 
cells are seen singly or in clusters. Hematoxylin 
and eosin (X200). 


conventional gastric adenocarcinomas did not yield a 
similar signal after one hour of exposure. A very faint 
signal, at the limits of discrimination, could be discerned 
when the exposure time was extended to 24 hours. 


DISCUSSION 


We have described three cases of primary gastric car- 
cinoma with histologic features that are similar to those 
of nasopharyngeal LE. A review of all cases of gastric car- 
cinoma seen from 1979 to 1989 (41 cases) at our medical 
center indicated no LEs other than those documented 
here. Recent reports identified LE-like carcinomas in the 
skin,!! lung, thymus,? salivary gland,'* and uterine cer- 
vix.? To varying degrees, these have been poorly differ- 
entiated carcinomas composed of dispersed or clustered 
cells, with a dense lymphocytic infiltrate. The malignant 
cells in each of our cases stained positively for keratin. 
The lymphocytic background was a mixture of T and B 
cells, with the former predominating. 

An association between nasopharyngeal LE and EBV 
has been documented. Nonetheless, most LE-like carci- 
nomas outside the nasopharynx have not had easily de- 
monstrable EBV genome segments by in situ hybridiza- 
tion.'? Three of our cases had available paraffin blocks, 
and a DNA probe was used to detect the presence of the 
EBV genome. All cases were negative with the in situ 
hybridization technique, but they were positive with the 
PCR using two different methods aimed at two indepen- 
dent, highly conserved segments of the EBV genome. 





These findings underscore the need for techniques that 
are more sensitive than in situ hybridization — namely. 
the PCR—to detect low numbers of DNA copies in LE 
cells. 

The overall morphologic appearance of LE-like carci- 
nomas of the stomach was unique among gastric tumors. 
Despite their relatively large size, each lesion was super- 
ficial, and pushing margins were seen grossly and micro- 
scopically. The similarity among these three cases was 
striking. The presence of EBV viral genome by PCR in 
all of the neoplasms confirms the findings of Burke and 
associates, who reported EBV genomes in one LE-like 
gastric carcinoma seen in a 71-year-old Filipino man. The 
latter tumor was histologically similar to those of our three 
patients. 

Gastric carcinomas may assume several histopathologic 
appearances,'??? and some have been shown to have a 
rich lymphoid stroma.?'?? Watanabe et al. and Lert. 
prasertsuke et al.?? have focused on the varying intensity 
of lymphoid infiltration in relation to prognosis, rather 
than on possible epidemiologic factors. Inflammatory cel! 
infiltrates in tumor stroma (particularly lymphocytic) have 
been considered for a long time to be a favorable prog- 
nostic factor in various neoplasms. 

In a series of 1,041 gastric carcinomas, Watanabe and 
associates?’ found 24 cases (4%) in which a lymphoid 
stroma was pronounced; this infiltrate was interpreted as 
a host response. A high survival rate was found among 
the patients with this type of carcinoma. These authors 
emphasized the histomorphologic appearance of such le 
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FIG. 3 (upper, left). Areas in some tumor in which undifferentiated tumor cells that formed syncitia. Hematoxylin and eosin ( 300). 


Fic. 4 (upper, right). The gastric tumor in case 2 showed rounded margins of infiltration. Note the pushing border of the tumor eroding into the 


muscularis. Hematoxylin and eosin (X5). 


FIG. 5 (lower, left). Tumor cells showed strong positivity for cytokeratin. Avidin-biotin complex method, AE3 (X40). 


FIG. 6 (lower, right). Lymphoid cells in the stroma were predominantly of the T-cell phenotype. Avidin-biotin complex method, UCHL (X200). 


P "an n——————— 


sions and suggested that they be designated “‘gastric car- 
cinomas with lymphoid stroma” (GCLS). Subsequently, 
Lertprasertsuke and Tsutsumi?’ modified Watanabe's 
criteria; they found 24 cases of GCLS among 626 cases 
of gastric carcinoma, for an incidence of 3.8%. 

While it is not clear whether the cases designated as 
GCLS by Watanabe and colleagues”* and Lertprasertsuke 
and Tsutsumi” are similar to the neoplasms reported in 
this article, at least some of the cases included in the two 
series just cited seem to be similar to ours. Lymphoid 
stroma dominated the histologic appearance, as seen in 
nasopharyngeal LE. 

The histologic features of the cases we have reported 
are similar to those of LE of other organs and represent 


FiG. 7. Southern blot demonstrating am- 

plified EBV-DNA by method 1. Lane l 

= case l, Lane 2 = case 2; Lane 3 = case u 

3; Lane 4 = blank; Lane 5 = Raji cell con- E 
trol; Lane 6 — molecular weight markers; 
Lane 7 = no DNA control. 


T$2 


a unique subtype of gastric carcinoma. It should be noted 
that LE in the nasopharynx and sites outside it derive 
from the squamous epithelium, representing poorly dif- 
ferentiated squamous cell carcinomas. However, LE-like 
carcinomas of the stomach in our patients and the case 
reported by Burke and co-workers'^ derived from the 
glandular epithelium of the stomach. They represent 
poorly differentiated adenocarcinomas, as demonstrated 
by focal glandular formation, as seen in case |. Suggestive 
gland formation was also noted in the illustration of the 
report by Burke and co-workers.'° EBV genome also was 
identified by the PCR in a case of in situ adenocarcinoma 
of the cervix with heavy lymphoid stroma in a 52-year- 
old woman (unpublished personal observation). An as- 
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FIG. 8. PCR amplication of EBV genome by method 2. /. Normal human placental DNA: 2. No DNA template; 3. Buffer; 4. Raji cell DNA; 5. case 
3; 6. case 2; 7. case 1; 8. GCOHI; 9. GCOH2; 10. GCOH3. GCOH = gastric carcinoma of ordinary histology. 


sociation of the EBV with uterine cervical adenocarci- 
noma also was suggested by Singh and co-workers.” They 
reported that three Chinese women developed uterine 
cervical adenocarcinomas following the diagnosis of na- 
sopharyngeal LE. 

Thus, it seems reasonable to conclude that EBV not 
only is associated with poorly differentiated squamous cell 
carcinoma with lymphoid stroma (so called LE) but also 
with poorly differentiated adenocarcinomas with lym- 
phoid infiltration. The presence of EBV-DNA in these 
tumors also supports the claim that LE-like carcinomas 
of extrapharyngeal organs are similar to nasopharyngeal 
tumors. 
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Multitumor “Sausage” Blocks 
in Immunohistochemistry 


Simplified Method of Preparation, Practical Uses, 
and Roles in Quality Assurance 


RODNEY T. MILLER, M.D., AND CAROL L. GROOTHUIS, MT(ASCP)SI 


This report describes a simplified method for preparing multi- 
tumor sausage blocks (MTSBs) for use in immunohistochemical 
procedures. Rather than relying on previously processed paraffin 
blocks as a source of material, this procedure involves procuring 
tissue at the time of gross specimen examination. The tissue is 
processed along with routine surgical pathologic material, and 
the paraffinized samples are placed in “storage cassettes" for 
easy cataloging and storage. Thin strips are cut from the tissue 
in the “storage cassettes" and combined by dripping liquid par- 


affin onto them while they are rolled between the thumbs and 
forefingers, somewhat like making a cigarette. This results in a 
tissue “log.” Transverse sections of the “log” are embedded in 
paraffin blocks and used as MTSBs. Practical uses of MTSBs 
are discussed, and their role in quality assurance is stressed. 
(Key words: Multitumor sausage blocks; Quality assurance; Im- 
munohistochemistry; Immunoperoxidase) Am J Clin Pathol 
1991;96:228-232 





In 1986, Battifora described a method for preparing mul- 
titumor sausage blocks (MTSBs), which allowed several 
different pieces of tissue to be placed compactly in a single 
paraffin block.! With the use of this technique, tissue from 
many types of tumors could be immunostained using a 
single MTSB slide and, hence, with only a single drop of 
antibody. Battifora demonstrated that the use of MTSB 
slides was an efficient and cost-effective way of screening 
for the specificity of monoclonal antibodies and moni- 
toring the sensitivity of immunohistochemical procedures. 

In this report, a simplified method of MTSB prepara- 
tion is described, and practical uses of MTSBs are dis- 
cussed, including their use in quality assurance pertaining 
to immunohistochemical procedures. 


MATERIALS AND METHODS 


Fresh tissue was obtained at the time of gross exami- 
nation of various tumors, and tumor tissue was cut into 
rectangular blocks (0.2-0.3 cm thick X 2 cm X 2.5 cm) 
if sufficient tumor was available. If tissue was limited in 
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amount, strips of tissue measuring 0.2-0.3 cm on a side 
X 2-2.5 cm long were used. These tissue blocks or strips 
were placed in plastic tissue cassettes (labeled with the 
tumor type and accession number), fixed in formalin (or 
other fixative as desired), and processed along with routine 
surgical pathology material in a tissue processor (Miles 
VIP", Miles Inc., Diagnostic Division, Mishawaka, IN). 
These tissue cassettes (called “storage cassettes") were re- 
moved from the final liquid paraffin bath of the tissue 
processor, and the paraffin was allowed to drain from the 
cassettes. They were cooled to room temperature, and 
storage cassettes containing the paraffinized tissue were 
stored and cataloged (Fig. 1). 

When an MTSB was being made, a variety of tumor 
types were selected from the appropriate storage cassettes, 
and thin strips (0.1 cm in diameter X 2.5-3 cm long) were 
removed from the paraffinized storage tissue with the use 
of a razor blade (Fig. 2). (A *key" should be kept of the 
various types of tumors selected for inclusion in each 
MTSB, and the types should be separated into groups 
[Fig. 3]). With the operator wearing rubber gloves at a 
tissue-embedding center, liquid paraffin was dripped onto 
a group of thin strips of tumor tissue, while the strips were 
rolled between the thumbs and forefingers, somewhat like 
making a cigarette (Fig. 4). As the paraffin cooled, it bound 
the tissue strips, and they could be compressed and worked 
into a compact roll while the paraffin congealed. More 
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FIG. 1 (upper, left). Paraffinized pieces of tumor tissue are placed in labeled tissue cassettes (storage cassettes). These “storage cassettes” are stored 
and cataloged easily. 


FIG. 2 (upper, right). The first step in preparing an MTSB involves slicing thin strips of tissue from the paraffinized “storage” tissue with the use o! 
a razor blade. 


FIG. 3 (center, left). Example of "key" used to record types of tumor and case numbers used in preparation of an MISE 


FiG. 4 (center, right). While strips of tissue are held between the thumbs and forefingers at a tissue-embedding center, liquid paraffin 1s dripped onto 
the tissue while it is rolled between the thumbs and forefingers, like making a cigarette. As the paraffin cools, it binds the tissue strip: 


FiG. 5 (lower, left). Adding additional tissue strips or groups of tissue strips is performed easily by repeating the procedure illustrated in Figure 4 
resulting eventually in a tissue “log” containing numerous strips of tumor tissue embedded in and bound together by paraffin. 


FIG. 6 (lower, right). The tissue "log" is cut transversely at 0.3-cm intervals, providing pieces for use as MTSBs. It is easiest to cut these transverse 
sections while the “log” is still warm. 
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strips were added easily to the roll by repeating the above 
process (Fig. 5). 

When the desired number and types of tumors had 
been added to the roll, the resulting tissue “log” was al- 
lowed to cool, and 0.3-cm serial transverse sections were 
cut from the “log” (Figs. 6 and 7). The transverse sections 
were taken while the “log” was somewhat warm because 
it could be cut more easily and maintained its structural 
integrity best. These transverse sections of the tissue "log" 
then were embedded in paraffin blocks and used as MTSBs 
(Fig. 8). 

In his article, Battifora! described a method for sub- 
dividing the MTSB by wrapping small groups of tissue 
strips in sausage casing.! Similar subdivisions also were 
made with the use of the simplified MTSB method. Be- 
cause sausage casing was difficult to procure in our met- 
ropolitan area, amnionic membrane stripped from the 
surface of a placenta was used as a suitable alternative. 
To prepare the amnion for use in making MTSBs, first it 
was stripped from the fetal surface of the placenta and 
wrapped around a thin wooden stick (0.2-cm diameter, 
wooden-handled cotton swabs). This “jelly roll" of am- 
nion was fixed in formalin and placed in a tissue processor 
(Miles VIP) along with routine surgical pathologic ma- 
terial. The amnion roll then was removed from the final 
liquid paraffin bath of the tissue processor and unrolled 
while still warm. The excess paraffin was allowed to drain, 
and the paraffin-embedded amnionic tissue was cooled 
and stored at room temperature (Fig. 9). 

The paraffinized amnionic tissue was used to wrap 
subgroups of tumor tissue strips; to accomplish this, small 
segments were cut from the stored amnionic tissue (3 cm 
X 2 cm), the segments were heated on the block of a 
tissue-embedding center, and the amnion was wrapped 
around the desired group of tissue strips (Fig. 10). As the 
amnion cooled, it bound well to the tissue strips, and the 
resulting wrapped group of tumor strips was added easily 
to similar subgroups, with the use of the method described 
above. In this fashion, a number of *minisausages" were 
combined into a larger “sausage” for use as an MTSB 
(Fig. 8). 


RESULTS 


With the methods described above, MTSBs of any de- 
sired composition were prepared easily. The MTSBs then 
were cut at 5 um and mounted at one end of a microscopic 
slide for use in immunohistochemical staining procedures. 
We used MTSB sections for positive control tissue sec- 
tions; mounting the MTSB section on one end of the slide 
allowed additional tissue (e.g., a diagnostic case to be 
studied) to be placed on the same slide, decreasing the 


number of sections that needed to be manipulated. Several 
examples of sausage block slides are illustrated in Fig- 
ure 11. 


DISCUSSION 


In 1986, Battifora described his method of MTSB 
preparation and suggested it as a novel and efficient 
method of screening monoclonal antibodies and moni- 
toring the sensitivity of immunohistochemical studies. We 
have used Battifora's method for preparing MTSBs but 
have encountered a number of difficulties, including an 
inability to procure sausage casing from local food stores 
or meat markets. Moreover, we found that Battifora's 
method was somewhat cumbersome and complicated. 
Because of these problems, we believe that his method 
probably will not be used by many practicing pathologists. 

The procedure that we have described is simple to use 
and provides the same end result as Battifora's method. 
Our technique also ensures that the tissue in the MTSB 
is processed in an identical fashion to the laboratory's 
routine surgical pathologic material, making it ideal con- 
trol material. MTSB sections can be obtained commer- 
cially (Xenetics Biomedical, Inc., Tustin, CA), but they 
are prohibitively expensive and involve the problematic 
issue of human tissue sales. Moreover, they may be pro- 
cessed differently from the routine material in one's own 
laboratory. 

Since Battifora's original description of MTSBs, several 
other methods of preparing similar material have been 
reported. One of these involves procurement of tissue from 
paraffin blocks by punching cores of tissue from them 
with the use of a 16-gauge hollow needle and placing the 
cores into drinking straws before they are embedded in 
paraffin.* Another method uses a skin-punch biopsy in- 
strument to remove tissue from paraffin blocks, and the 
cores then are combined in a single paraffin block for use 
as an MTSB.° Both of these methods are suitable alter- 
natives. However, with the procedure we describe, re- 
moval of material from paraffin blocks is avoided and 
many more MTSB sections can be obtained from a single 
preparation because a tissue “log” can yield six or seven 
MTSBs (rather than a single MTSB with other *second- 
generation" methods). As such, our technique offers dis- 
tinct advantages if MTSB sections are to be used in high 
volumes, as they are in our laboratory. 

Quality assurance of immunohistochemical procedures 
is an important issue," and MTSBs can have an impor- 
tant role in the maintenance of quality control in diag- 
nostic immunohistochemistry. In our laboratory, we use 
MTSB slides for all positive control tissue sections. With 
appropriate selection of the component tissues of the 
MTSB, a single block can be used as a positive control 
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FIG. 7 (upper, left). Typical cross-sections taken of a tissue “log,” ready to be embedded in paraffin blocks and used as M I SBs. 
FIG. 8 (upper, right). Completed MTSB, ready for sectioning. 
FIG. 9 (center, left). Photograph of paraffinized roll of amnionic membrane that can be cut into strips and used to subdivide MTSBs. 


FiG. 10 (center, right). Group of tumor tissue strips being wrapped in paraffinized amnion (on the heating block of an embedding center) to subdivid 
them from other strips to be placed in the MTSB. 


FIG. 11 (lower). Typical sections cut from an MTSB. Note that the MTSB section is mounted toward one end of the slide, leaving additional spac 
for a section of other tissue to be mounted on the opposite end of the slide. This can substantially reduce the number of slides being manipulated 


by technologists performing the staining. 
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for essentially any stain that may be desired. This greatly 
simplifies demands on histotechnologists and obviates the 
need for a different positive control section with each pri- 
mary antibody that is used. In addition, MTSB slides are 
superior to single-tissue positive control sections because 
one can assess a number of different positive constituent 
tumor types, as well as neoplasms in the MTSB that should 
not stain. 

When the MTSB sections are mounted at one end of 
a microscopic slide, large numbers of MTSB sections may 
be precut, mounted, and stored for use as controls. When 
tissue for a diagnostic case is to be stained, it can be placed 
at the other end of the precut MTSB slide, so that the test 
tissue and the positive control MTSB section are present 
on a single slide (Fig. 11). This almost halves the number 
of slides that need to be manipulated by the technologist. 
Because an MTSB section is always present on the same 
slide as the test tissue, it is a consistent monitor of sen- 
sitivity and specificity for any given stain that is performed 
for diagnostic purposes. This can be invaluable if a ques- 
tion arises regarding the performance of a particular an- 
tibody. One needs only to view the MTSB section on the 
same slide to quickly assess the specificity and sensitivity 
of the stain in a given case. 

Another major use of MTSB sections (mentioned only 
rarely by previous authors?) is their applicability in de- 
termining the optimal titers of primary antibodies. In our 
experience, suboptimal reagent dilutions are a common 
cause of poor or inappropriate staining, particularly if 
laboratories blindly follow the manufacturers’ recom- 
mendations for titers or prediluted antibodies are used 
unquestioningly as supplied. Our experience (unpub- 
lished) has shown that reliance on the suggestions of a 
manufacturer without evaluation of additional “in-house” 
titers invites disaster. On numerous occasions, we have 
found that recommended antibody dilutions are unac- 
ceptable, and the difference between suggested titers and 
optimal titers has varied by a factor as high as 256 (i.e., 
a “ready-to-use” prediluted antibody must be diluted by 
a factor of 1:256 before appropriate staining is observed). 
Using MTSB sections to determine proper antibody titers 
allows one to confirm that known negative cases are in- 
deed nonreactive (e.g., that a known lymphoma does not 


label with HMB-45). This is just as important as assuring 
oneself that known positive cases are reacting as expected. 
Also, one easily can become familiar with the spectrum 
of reactivity of the antibodies being used. The latter is an 
important point because manufacturers' claims regarding 
sensitivity and specificity may not always (and indeed 
should not) be trusted. 

In conclusion, the simplified method of MTSB prep- 
aration allows any hospital laboratory to use these sections 
in their diagnostic immunohistochemistry service, using 
in-house material. By selecting the components of the 
MTSB appropriately, one can greatly simplify the problem 
of procuring positive control tissue sections because a sin- 
gle MTSB then can be used as a positive control section 
for many different primary antibodies. MTSB sections 
can assume a major role in quality assurance in diagnostic 
immunohistochemistry by repetitively documenting the 
sensitivity and specificity of antibodies that are used in 
any case that is studied. Lastly, MTSB sections are ideal 
for the determination of optimal titers of antibody re- 
agents. 
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Potential Use of Monoclonal Antibodies in 
the Diagnostic Distinction of Gynecomastia 
from Breast Carcinoma in Men 


MARCELLA MOTTOLESE, PH.D., . GIULIO BIGOTTI, M.D.? ANTONELLA COLI, M.D., 
CARLO VITUCCI, M. D.? AND PIER GIORGIO NATALI, M.D.4 


Ímmunohistochemical (IHC) assays using the monoclonal an- 
tibodies (MoAbs) B72.3 and B6.2, recognizing two distinct and 
independently expressed breast tumor-associated antigens 
(BTAAs), recently have been shown to significantly improve the 
accuracy of cytodiagnosis of breast nodules by fine-needle as- 
piration (FNA). To evaluate whether the same method may be 
useful diagnostically in distinguishing gynecomastia from breast 
cancer in men, a retrospective avidin-biotin immunoperoxidase 
assay study was performed on 50 cases of gynecomastia and 30 
cases of breast carcinoma in men, using a panel of five MoAbs 
known to recognize different BTAAs. The results of this study 


Carcinoma occurs infrequently in the male breast, and 
our knowledge of its biology and clinical behavior largely 
has been developed through a compilation of pooled ex- 
periences.'? Altered hormonal metabolism and anteced- 
ent gynecomastia appear to play a role in the development 
of the disease.** Therefore, breast masses in men that are 
suspected to be malignant necessitate the differential di- 
agnosis between gynecomastia and carcinoma.” 

Fine-needle aspiration (FNA) cytology, which is applied 
widely in evaluating the nature of breast nodules in 
women, also could be a valuable tool in the clinical di- 
agnosis of breast lesions in men. In most cases, conven- 
tional cytologic examination affords a definitive diagnosis, 
but the presence of dyscohesive, hyperchromatic cells in 
FNA from gynecomastia can mimic carcinoma and cause 
diagnostic confusion.^ 
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demonstrated that MoAbs B1.1, HMFG2, and MBri dis- 
played a strong reactivity with gynecomastia and carcinoma, but 


MoAbs B72.3 and B6.2 separated benign and malignant lesions 
in a high percentage of cases. When used in combination, the 


latter two reagents reacted with 96% of the carcinomas that were 
analyzed but labeled only 67% of gynecomastia cases. Thus, the 
conjoint use of these two reagents may enhance the use of FNA 
biopsy as a valuable tool in the presurgical diagnosis of breast 
nodules in men. (Key words: Breast carcinoma; Gynecomastia; 
Monoclonal antibodies; Fine-needle aspiration) Am J Clin Pathol 
1991; 96:233-237 


We have demonstrated recently that the use of selected 


panels of monoclonal antibodies (MoAbs) to tumor-as- 
sociated antigens (TAAs) can be a useful complement to 
conventional cytopathology^? and significantly improve 
the diagnostic accuracy of FNA of breast masses in 
women.”'° To evaluate whether the same method could 
be helpful diagnostically 1 in distinguishing gynecomastia 
from breast carcinoma in men, we analyzed the antigenic 
phenotype of 50 cases o f gynecomastia and 30 cases of 
breast carcinoma in men, using à panel of five MoAbs 
that recognize distinct breast TAA (BTAA). The results 
of this retrospective study demonstrated that MoAbs 
B72.3 and B6.2 separated benign from malignant breast 
lesions in men in a high percentage of cases. Thus, these 
monoclonal antibodies may be useful tools in the pre- 


surgical cytodiagnosis of these rare carcinomas in men. 


MASERYATA AND METHODS 


| 


Formalin-fixed, paraffin-embedded tissues from 50 
cases of gynecomastia (mean patient age, 48.5 years; range, 
16-74 years) and 30 breast carcinomas from men (mean 
patient age, 59.1 years; range, 23-77 years) were obtained 
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Cancer Institute and the Catholic University of Rome. 
The breast tumors from men represented surgical biopsy 
specimens collected from 1978 to 1989. Five-micron sec- 
tions from each block were mounted on gelatin-coated 
slides. Hematoxylin and eosin-stained sections were re- 
viewed to confirm previous histologic diagnosis. 

Fine-needle aspiration biopsies from six breast nodules 
were performed with the use of a 21-gauge needle and a 
20-mL disposable syringe mounted on a special holder 
(Cameco* 20 mL; Precision Dynamics, Burbank, CA). 
Cell smears were fixed in cold acetone for 10 minutes and 
stored at —20 °C. Our prior experience showed that this 
procedure caused no loss of reactivity for at least four 
months. 


Monoclonal Antibodies 


Monoclonal antibodies B72.3!'? and B6.2" were pur- 
chased from Sorin Biomedica Company (Saluggia, Italy), 
and MoAb HMFG2'*? was obtained from Oxoid Com- 
pany (Milano, Italy). MoAbs MBr1!° and B1.1!” were 
provided by Dr. M. I. Colnaghi (National Cancer Institute, 
Milano, Italy) and Dr. J. Schlom (Laboratory of Tumor 
Immunology and Biology, National Cancer Institute 
[National Institutes of Health], Bethesda, MD), respec- 
tively. 

The immunoreactivities of these reagents were assessed 
repeatedly during the study, with the use of negative and 
positive control specimens. All MoAbs were used as pu- 
rified reagents (B72.3 and B6.2) or as appropriately diluted 
ascites fluid preparations. 


Immunoperoxidase Technique 


The avidin-biotin peroxidase complex assay was per- 
formed on dewaxed, rehydrated, 5-um sections of for- 
malin-fixed, paraffin-embedded tissues or on FNA prep- 
arations with the use of a commercially available kit (IM- 
MUCOLOR", Sorin Biomedica). Slides were incubated 
with MoAbs to BTAA at 4 ?C for at least 16 hours in a 
moist chamber. The protein concentration ofthe primary 
antibodies ranged from 25 to 50 ug/mL in Hanks’ bal- 
anced salt solution (HBSS) containing 1% bovine serum 
albumin (BSA) (Sigma Chemical Company, St. Louis, 
MO). Bound peroxidase was visualized with the use of 3- 
amino-9-ethylcarbazole (AEC) as the chromogenic sub- 
strate, for 8 minutes at room temperature. Slides then 
were rinsed with phosphate-buffered saline (PBS) (0.15 
mol/L) and counterstained with Mayer's hematoxylin 
(BDH Chemicals, Ltd., Pool, United Kingdom). Finally, 
the sections were mounted in buffered glycerol. Immu- 
nohistochemical reactivity was scored as “heterogeneous” 
when 25-5096 of the specimen was stained and “homo- 


geneous” when the reactivity involved more than 50% of 
the tumor cell population. 


RESULTS 


Monoclonal Antibodies 


The MoAbs used in this study, with their relevant ref- 
erences, are listed in Table 1. They included five reagents 
that are known to recognize distinct BTAAs in women 
and were chosen on the basis of their ability to react with 
formalin-fixed, paraffin-embedded tissues. This charac- 
teristic permitted a retrospective analysis of gynecomastia 
and breast cancers in men. 


Analysis of the Antigenic Phenotype of Gynecomastia 
and Breast Carcinoma in Men 


Among the five MoAbs used in this study, B1.1, 
HMFG2, and MBr! displayed intense reactivity with 86- 
100% of all cases of gynecomastia. MoAb B72.3 did not 
show detectable reactivity with benign lesions, and MoAb 
B6.2 reacted heterogeneously in only 3 of 50 cases (6%) 
of gynecomastia. The predominant staining pattern of 
MoAbs B1.1, HMFG2, and MBr1 was homogeneous and 
was restricted, in most instances, to the plasma membrane 
(Fig 1A). 

Among 30 breast carcinomas from men that were tested 
with our panel of reagents, a homogeneous pattern of 
reactivity was observed in 80-90% of the malignant lesions 
with MoAbs B72.3 and B6.2 (Fig. 1B). 

Monoclonal antibody B1.1 reacted with 86.6% of these 
cases, and all of the breast carcinomas from men showed 
intense and predominantly cytoplasmic reactivity with 
MoAbs HMFG2 and MBr! (Table 2). 

When immunocytochemical analysis was performed 
on six FNA specimens from two malignant and four be- 
nign mammary tumors from men, we observed the 
same staining pattern as that seen in paraffin sections 
(Table 3). 


DISCUSSION 
Cancer of the male breast is a rare disease, accounting 


for approximately 1% of all reported cases of mammary 


TABLE 1. MONOCLONAL ANTIBODIES USED TO ANALYZE 
THE ANTIGENIC PHENOTYPE OF 
BREAST CARCINOMAS IN MEN 


MoAbs Isotype Antigen Molecular Weight References 
Bl.! IgG! Glycoprotein 180 x 10? daltons 17 
HMFG2  IgGl Glycoprotein 220 x 10? daltons 14, 15 
MBrI IgM Glycolipid Unknown 16 
B72.3 IgG! Glycoprotein >10° daltons 11, 12 
B6.2 IgGl Glycoprotein 90 x 10? daltons 13 
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FIG. 1. A. Gynecomastia, showing homogeneous membranous cytoplasmic staining pattern with MoAb B1.1 (X200). B. Breast cancer from a man. 
showing intense cytoplasmic staining with MoAb B72.3 (X200). Mayer’s hematoxylin counterstain. 


carcinoma. In contrast, gynecomastia is a common con- 
dition, showing a variable age of presentation, with the 
greatest prevalence in men in the third decade of life.^^'* 
Although the histopathologic features of the two lesions 
usually cause no diagnostic challenges, the clinical dis- 
tinction between gynecomastia and breast carcinoma in 
men may be difficult. Presenting symptoms and signs may 
be identical in these conditions. ^^? 

In the current study, a retrospective avidin-biotin im- 
munoperoxidase assay analysis was performed on 50 cases 
of gynecomastia and 30 examples of breast carcinoma 


from men, using a panel of five MoAbs (B72.3, B6.2. 
HMFG2, MBrl, B1.1). These reagents previously have 
been shown to react with benign and malignant breast 
lesions in women. 

Murine MoAbs B72.3 and B6.2 were generated by im- 
munizing mice with membrane-enriched fractions of 
breast carcinoma metastases from the liver. The corre- 
sponding antigens appear to be expressed selectively by 
transformed female mammary epithelium in 75% and 
80% of cases, respectively.'''* MoAb MBr! recognizes a 
cell membranous neutral glycolipidic antigen that is ex- 


TABLE 2. ANTIGENIC PHENOTYPE OF GYNECOMASTIA AND BREAST CARCINOMA IN MEN USING A PANEL OF 
MONOCLONAL ANTIBODIES TO DISTINCT FEMALE BREAST TUMOR-ASSOCIATED ANTIGENS 





Monoclonal Antibodies 


HMFG2 MBr! B72. 3 B6.2 
MEE innit i NER ic e Se EDI A MAS fO EM CM ee 


Histologic Immunohistochemical 
Diagnosis Reactivity B1.1 
Gynecomastia *43/50 (86%) 
Heterogeneous} 10 
Homogeneoust 33 
Carcinoma *23/50 (85.5%) 
Heterogeneous} 7 
Homogeneous} 19 


L ———————————————————————————————— 


* Fraction positive. Subjacent column entries show number of cases with each staining pattern. 


50/50 (100%) 46/50 (92%) 0/50 (0%) 3/50 (6%) 
12 12 0 3 
38 34 0 0 
30/30 (100%) 30/30 (100%) 24/30 (80%) 27/30 (90%) 
6 3 2 5 
24 2 22 23 


Staining was tapical or fcytoplasmic. 
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TABLE 3. IMMUNOCYTOCHEMICAL ANALYSIS OF FINE- 
NEEDLE ASPIRATES OF BREAST NODULES IN MEN USING 
A PANEL OF MONOCLONAL ANTIBODIES RECOGNIZING 
FEMALE BREAST TUMOR-ASSOCIATED ANTIGENS 








Immunocytochemical 
Reactivity 
Condition No. of Cases Bl.1 HMFG2 MBrl1 B72.3 B6.2 
Gynecomastia 4 3/4* 4/4 4/4 0/4 0/4 
Carcinoma 2 1/27 2/2 2/2 1/2 2/2 





* Fraction positive. 


pressed by normal epithelium and roughly 80% of car- 
cinomas of the breast.'^ The MoAb HMFG2, produced 
by immunizing mice with human milk fat globule mem- 
brane and cultured human milk-producing cells, labels a 
group of high molecular weight (HMW) mucin glycopro- 
teins expressed by more than 80% of normal breasts and 
benign mammary lesions and 95% of breast carcino- 
mas.'^ MoAb B1.1 precipitates iodinated carcinoem- 
bryonic antigen, resulting in a radiolabeled peak at ap- 
proximately 180 kD. This reagent reacted with 66% of 
the female mammary carcinomas that were tested. 

This IHC evaluation was conducted so that those re- 
agents that might be useful in the cytologic diagnosis of 
breast masses in men could be selected. 

Fine-needle aspiration biopsy has been used increas- 
ingly in the presurgical assessment of breast cancer in 
women, whereas gynecomastia and mammary carcinoma 
in men have undergone only limited analysis with this 
diagnostic procedure.??'^^ This is unfortunate, because 
aspirates from lesions of gynecomastia sometimes may 
be misinterpreted as malignant because of their cellularity, 
dyscohesion, and anisonucleosis.^9?? 

In previous studies, we have demonstrated that MoAbs 
B72.3 and B6.2, when used in combination, can signifi- 
cantly improve the diagnostic accuracy of FNA of female 
breast nodules!’ and diminish false-negative interpreta- 
tions. These findings were confirmed recently in a mul- 
ticenter study.? 

In the current series, we demonstrated that MoAbs 
B1.1, MBrl, and HMFG2 showed an intense pattern of 
reactivity in benign and malignant breast nodules in men, 
as described in breast lesions in women.'^'! Eighty per- 
cent to 100% of gynecomastia cases expressed BTAAs that 
were recognized by these three reagents, with a staining 
distribution that was associated with plasma membranes. 
When tested with the same MoAbs, breast cancers from 
men displayed a comparable percentage of reactivity, but 
with a more homogeneous and cytoplasmic staining pat- 
tern. The combination of MoAbs B72.3 and B6.2, which 
recognize BTAAs that are expressed independently by 
transformed cells, distinguished between benign and ma- 
lignant lesions in men in 96% of cases. The same pattern 


of reactivity also was observed in a few FNA specimens 
from tumors of the male breast that were analyzed with 
avidin-biotin peroxidase complex assays. 

These findings show that breast cancers in men and 
women have significant clinical and morphologic 
similarities!" and also share a comparable antigenic phe- 
notype, as previously described by other authors using 
different MoAbs.** However, to date, no study has pro- 
vided information on the patterns of antibody reactivity 
in gynecomastia that would link it with carcinoma. This 
would be of clinical interest, because gynecomastia has 
been suggested as a condition predisposing men to breast 
cancer." Although clinical gynecomastia rarely is asso- 
ciated with breast carcinoma in general terms, microscopic 
features of the former lesion have been described in as 
many as 40% of men with breast cancer.'??? This apparent 
discrepancy can be explained simply, by focusing on the 
wide difference in the prevalence of these two diseases. 

Of additional interest is the shared expression of the 
antigens identified by MoAbs B72.3 and B6.2 in malignant 
mammary epithelium in both women and men. These 
data may indicate that common pathogenetic mechanisms 
are operative in men and women with breast cancers, 
despite the origins of these neoplasms in different meta- 
bolic (hormonal) milieus. From a practical point of view, 
the expression of similar macromolecules in such tumors 
offers an objective criterion for the separation of gyne- 
comastia from cancer of the male breast. If this IHC ob- 
servation is confirmed in a larger series of cases, the use 
of FNA biopsy in the presurgical diagnosis of breast cancer 
in men may be applied more effectively. 
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The ability to establish a prognosis for patients with early breast 
cancer is an important clinical issue. Recent studies have shown 
that antibodies to haptoglobin-related protein (Hipr) may be use- 
ful in stratifying early patients with breast cancer according to 
their relative risks of recurrence. Nearly 30% of early breast 
cancers express proteins bearing Hipr epitopes. Hpr-positive 
breast cancers are more likely to recur after primary resection 
and are associated with shorter disease-free intervals. This im- 
munchistochemical study examines temporal changes in Hpr 
expression during the course of disease in 48 patients with fatal 
breast carcinoma. Thirty-seven primary tumors (77%) were Hpr 
positive. Ten of the 11 initially negative tumors (91%) were Hpr 


Some human breast carcinomas express the haptoglobin- 
related protein (Hpr) or proteins that share epitopes with 
it.^? In a recent retrospective immunohistochemical study 
of 70 patients with early breast carcinoma (stages I and 
ID, Kuhajda and associates? showed that Hpr epitope 
expression by mammary tumors was associated with a 
significantly increased risk of recurrence. These studies 
suggested that a link exists between Hpr-epitope expres- 
sion and the development of aggressive malignant poten- 
tial. Therefore, if this phenomenon represents a biologic 
event linked to the heightened expression of malignancy, 
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positive at the time of recurrence. In contrast, only 10 of the 37 
initially positive tumors (27%) were Hpr negative with relapse. 
Of 18 axillary nodes that were examined, 16 (89%) were Hpr 
positive; ali four lymph nodal metastases in patients with initially 
negative primary tumors were Hpr positive. The authors conclude 
that the acquisition of Hpr expression parallels increased ma- 
lignant potential and that Hpr expression, once acquired, tends 
to remain a permanent characteristic of any given mammary 
tumor. (Key words: Breast carcinoma; Haptoglobin-related pro- 
tein; Prognosis; Autopsy; Immunohistochemistry; Monoclonal 
antibodies) Am J Clin Pathol 1991:96:238—242 


it is expected to occur in metastasis as the disease pro- 
gresses. Moreover, metastases from initially Hpr-negative 
tumors would be expected to acquire Hpr epitopes. 

The current study evaluated the temporal changes in 
Hpr epitope expression over the course of disease in cases 
of fatal breast carcinoma. 


MATERIALS AND METHODS 


Case Selection 


The autopsy records were reviewed of patients who died 
of breast carcinoma at the Johns Hopkins Hospital be- 
tween 1960 and 1988. The most recent 48 consecutive 
cases for which slides and paraffin blocks were available 
from the primary tumor, the autopsy material, or any 
intervening recurrences were selected for this study. 


Evaluation of Clinical and Pathologic Features 


All available relevant clinical case summaries and pa- 
thology records were reviewed and abstracted. Slides from 
the primary tumor were evaluated to determine the type 
of tumor and its extent. Representative blocks of the pri- 
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mary neoplasm, and, whenever possible, its lymph node 
metastases, were selected for immunohistochemical stud- 
ies. Slides from the recurrences and autopsy material were 
examined to venfy the presence of tumor and to allow a 
representative block to be selected for immunohisto- 
chemical staining. 


Preparation of Anti-Hpr Antibodies 


A polyclonal antibody was produced by immunizing 
New Zealand white rabbits with a synthetic peptide cor- 
responding to the 34 N-terminal residues of the predicted 
Hpr gene product and affinity-purifying the resulting 
serum as described previously.'? This antibody was used 
in the preliminary phases of the study and later was re- 
placed with a monoclonal anti-Hpr, a murine IgG2b 
kappa. 

Monoclonal antibodies were prepared according to a 
modification of the method described by Zola.’ Three 
BALB/c mice were immunized with the use of an Hpr- 
derived synthetic peptide-keyhole-limpet hemocyanin 
conjugate, '” and their spleens were fused with plasmacytes 
from the SP2 murine myeloma cell line. Hybridoma su- 
pernates initially were screened by enzyme-linked im- 
munosorbent assay (ELISA), with the use ofthe synthetic 
peptide conjugated to bovine serum albumin as the an- 
tigen, and positive wells were expanded and cloned by 
limited dilution. Clones were rescreened with ELISA. 
Those that were positive were characterized further with 
the use of Western blots with haptoglobin 1:1 and 2:2, 
and an Hpr preparation that was obtained by a method 
described previously.: Only antibodies that reacted with 
tumor sections that were known to be positive with the 
polyclonal antiserum were selected. The monoclonal an- 
tibody was purified from ascites fluid with the use of pro- 
tein A-Sepharose? affinity chromatography (Sigma 
Chemical Co., St. Louis, MO) with elution by 6 mol/L 
urea in phosphate-buffered saline (PBS). The eluate was 
collected and dialyzed against PBS overnight in cold tem- 
peratures; then it was aliquoted and stored frozen at —80 
°C, or lyophilized. 


Immunohistochemistry 


Immunohistochemical studies were performed with the 
use of the unlabeled antibody-immunoperoxidase tech- 
nique.* We evaluated routinely processed (10% buffered, 
formalin-fixed) paraffin-embedded tissue from the files of 
the Division of Surgical Pathology of the Johns Hopkins 
Hospital. In brief, after paraffin was removed with xylene 
and graded alcohols, 6-um tissue sections were incubated 
in 396 hydrogen peroxide in methanol for 15 minutes to 
block endogenous peroxidase activity, and a 1:100 dilution 
of normal nonimmune serum (goat or horse) was applied 


in TRIS-saline for 30 minutes. Then the slides were in- 
cubated overnight with affinity-purified polyclonal anti- 
Hpr or monoclonal anti-Hpr at 2.5 ug/mL in TRIS-saline 
(pH 7.6) at 4 °C. With intervening washes with TRIS- 
saline, the sections were incubated successively with bi- 
otinylated goat antirabbit or horse antimouse immuno- 
globulin (1:100; Vector Laboratories) and avidin-horse- 
radish peroxidase complex (1:100; Vector, Burlingame. 
CA), both for one hour at 25 °C. Aminoethylcarbazole 
(AEC) (Biomeda Universal Kit, Foster City, CA) was used 
as a chromogen, with Mayer's hematoxylin counterstain- 
ing. As a negative control, TRIS-saline was substituted 
for the primary antibody in each case; in some cases, di- 
luted (1/20) nonimmune serum from the same species as 
the secondary antibody was used. A known positive case 
was used as a positive control in every run. Staining was 
defined as positive for Hpr if immunoreactivity was pres- 
ent in infiltrating breast carcinoma; granular cytoplasmic 
immunoreactivity was present without observable nuclear 
staining; and staining was heterogeneous (1.e., the level of 
reactivity varied from cell to cell or from region to region 
in each section). Tumors were graded simply as positive 
or negative, and each case was examined by at least two 
authors without their knowledge of the patient's status. 


RESULTS 


Forty-eight women who died of breast cancer were in- 
cluded in this retrospective autopsy study. The average 
age at the time of diagnosis was 52 years (standard devia- 
tion [SD] ^ 12; range, 16-78 years). In most cases, the 
exact stage of disease at diagnosis could not be determined 
from the available records. In 33 cases, at least one axillary 
node contained a metastasis; in 11, all identified nodes 
were free of metastasis, and in 4 cases no information was 
available on nodal status. Six patients had clinical evidence 
of systemic metastasis at or around the time of primary 
tumor diagnosis. The mean disease-free survival length 
from the time the primary tumor was treated until re- 
currence or metastatic disease was documented was 3.5 
years (SD = 4.2; range, 0—21.4 years). The mean total 
survival time from diagnosis was 5 years (SD — 5.0; range, 
four days to 21.4 years). 


Immunohistochemical Studies 


Thirty-seven of the 48 primary tumors (77°) expressed 
Hpr epitopes, whereas 11 (23%) were negative (Table 1). 
Twenty-seven of the positive cases (7395) remained so 
when either the biopsy specimen of the recurrence or tre 
autopsy material was considered, whereas the status of 10 
(27%) was reversed and these cases were negative when 
the subsequent specimens were examined. In contrast, 10 
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TABLE 1. CHANGES IN IMMUNOHISTOCHEMICAL 
STAINING STATUS WITH ANTI-Hpr IN RECURRENT 
TUMORS COMPARED WITH THE STAINING STATUS 

OF THE PRIMARY TUMOR IN 48 CASES 
OF FATAL BREAST CARCINOMA 


Cases Retaining Cases Reversing 


Staining Status Original Staining Original Staining 


of Primary Status on Status on 
Tumor Recurrence Recurrence Total 
Negative 1 (9%) 10 (91%) 11 (10090) 
Positive 27 (73%) 10 (2796) 37 (100%) 
Total 28 (58%) 20 (42%) 48 (100%) 


Fisher exact probability P — 0.0005. 


of the 11 negative primary tumors (91%) were positive 
on examination of material from the recurrent disease, 
and only 1 (9%) remained negative. The difference in the 
proportion of cases in which the staining status (with ref- 
erence to primary negative and positive staining groups) 
was reversed was highly significant statistically (Fisher ex- 
act P — 0.0005). 

To further understand temporal changes in Hpr 
expression and their significance, we evaluated 19 cases 
separately for which material was available from the pri- 
mary tumor, the recurrence, and the autopsy specimens, 
because these cases provided evaluable tissue from three 
time points. These patients survived for an average of 1.3 
years (SD = 2.1; range, 0-12.4 years) after recurrence. 
Fifteen of the 19 primary tumors (79%) expressed Hpr 
epitopes. In 12 of the 15 positive cases (80%), both the 
biopsy specimen of the recurrence and the autopsy ma- 
terial were Hpr positive. In one originally positive case 
(7%), no staining was observed in the biopsy specimen of 
the recurrence, but the tumor was positive again at the 
time of autopsy. Four (21%) of the 19 primary tumors 
showed no immunoreactivity with anti-Hpr antibodies. 
All four (100%) of these were Hpr positive at the time of 
recurrence, and three were also Hpr positive at autopsy. 

Among 18 available axillary lymph node metastases 
that were excised with the primary tumors, 16 were Hpr 
positive, as were all 4 lymph nodes in cases with Hpr- 
negative primary tumors. 


DISCUSSION 


More than 25% of women with early (stage I) breast 
carcinoma have clinically undetectable metastasis at the 
time of diagnosis.? The recent successes of adjuvant com- 
bination chemotherapy for early breast cancer? and the 
inability to use traditional histopathologic features to dif- 
ferentiate between clinically aggressive and clinically in- 


dolent disease!? have stimulated a search for molecular 
markers of prognosis. Frequently, markers are prognostic 
because they are biologically active molecules that play a 
direct role in the evolution of a malignant process. For 
example, epidermal growth factor (EGF) receptor expres- 
sion in breast cancer is associated with poor prognosis 
and resistance to antiestrogen therapy! ^; in vitro, over- 
expression of the EGF receptor is associated with trans- 
formation of NIH-3T3 fibroblasts in the presence of 
EGF,'? and monoclonal antibodies against the extracel- 
lular domain of the receptor inhibit growth factor-depen- 
dent proliferation of malignant cell lines.!^ 

Similarly, overexpression of the c-erbB-2/HER-2 on- 
cogene in stage II breast cancer is associated strongly with 
aggressive disease.'°-'? This clinical observation correlates 
with observations in vitro, because NIH-3T3 fibroblasts 
that overexpress c-erbB-2/HER-2 are transformed con- 
stitutively.)7? A mutated rat HER-2 gene placed in 
transgenic mice results in the development of adenocar- 
cinomas of the breast in all of the male and female animals 
that express the transform of the gene.” 

At another level, metalloproteinases such as type IV 
collagenase may promote tumor invasion by facilitating 
degradation of basement membranes.” Not surprisingly, 
metalloproteinase expression in clinical tumor tissue cor- 
relates with a tendency for metastasis.” 6 Cathepsin D 
is a lysosomal enzyme that can degrade basement mem- 


 branes in acidic environments.” High cytosolic concen- 


trations of this protein also are associated with a more 
aggressive tumor phenotype.?? Finally, the loss of (or fail- 
ure to express) a tumor suppressor gene identifies a clin- 
ically adverse phenotype and highlights fundamental 
growth dysfunction. Loss of expression of such suppressor 
or antioncogenes as RB” and the recently described 
Nm 23?'?? occurs in clinically aggressive neoplasms and 
may function early in cellular transformation. 

Previous studies from this laboratory showed that some 
breast cancers produce proteins that react with anti-Hpr 
antibodies and that tumors that do so behave in a clinically 


TABLE 2. IMMUNOHISTOCHEMICAL STAINING PATTERN 
OF METASTATIC CARCINOMA IN AXILLARY LYMPH NODE 
(LN) REMOVED AT THE TIME OF INITIAL DIAGNOSIS AND 

COMPARED WITH THE STAINING OF THE PRIMARY 


BREAST TUMOR 
Primary Tumor LN Metastasis LN Metastasis 
Staining Negative Staining Positive Staining Total 
Negative 0 4 4 
Positive 2 12 14 


Total 2 16 18 
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aggressive manner.'^ Hpr epitopes were seen in 30% of 
early (stages I and II) breast cancers, and their expression 
was associated with a shorter time to tumor recurrence 
and a significant tendency (4.23 hazard ratio) toward de- 
velopment of recurrent disease." 

The data from the current study underscore the link 
between Hpr-epitope expression and worsened prognosis 
in primary breast cancer. In this population of breast car- 
cinomas selected for their deadly behavior, 77% of the 
primary tumors were Hpr positive. This is more than 2.5 
times the proportion of positive cases in an unselected 
group of early breast cancers.? 

Examined from another standpoint, primary tumors 
that initially were Hpr negative showed a strong propensity 
to become Hpr positive at the time of recurrence. In this 
study, 91% of the primary tumors that initially were neg- 
ative for Hpr were positive on relapse. In contrast, most 
(73%) positive primary tumors were Hpr reactive at the 
time of recurrence, with the staining status of only 2796 
reversing and becoming negative. Although the change 
from Hpr positivity to Hpr negativity may represent a 
true biologic alteration, it also may result from technical 
factors. All of the specimens that “became” Hpr negative 
were autopsy samples collected after variable postmortem 
intervals and processed with variable fixation times; each 
of these factors might affect the integrity of antigenic de- 
terminants. Furthermore, in three of the cases, lymph 
nodes removed during excision of the primary tumor also 
were examined and were positive. Technical considera- 
tions aside, the difference in the proportion of cases in 
which the staining status was reversed—with reference to 
the primary negative- and positive-staining group—was 
highly significant statistically. This finding suggests that 
the trend is for negative tumors to become positive with 
recurrent disease and for positive tumors to remain Hpr 
reactive. Examination of the subset of 19 cases with both 
biopsy and autopsy samples supported this conclusion 
and suggested that, once the tumor acquired Hpr expres- 
sion, it tended to remain positive for the course of disease. 

In conclusion, the expression of Hpr epitopes by breast 
cancers correlates with aggressive behavior and a poor 
prognosis. The breast cancer proteins that bear Hpr epi- 
topes may be biologically active, because the increasing 
incidence of expression goes hand-in-hand with increasing 
malignancy. Moreover, that expression, once acquired, 
tends to remain a permanent characteristic of the tumor. 
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Expression of C-erbB-2 Oncoproteim 
im Mammary and Extramammary 
Paget’s Disease 


ROBERT A. WOLBER, M.D., BEVERLEY A. DUPUIS, RT, AND MARK R. WICK, M.D? 


Formalin-fixed, paraffin-embedded tissue sections from 45 pa- 
tients with mammary and extramammary Paget's disease were 
stained immunohistochemicaly with the use of a polyclomal 
antiserum directed against a 14-amino acid segment of the c- 
erbB-2 oncoprotein. Positive membrane staining, which corre- 
lates with gene amplification, was found in 15 of 19 cases (79%) 
of mammary Paget’s disease, 4 of 13 cases (31%) of vulvar 
Paget's disease, none of 8 cases of scrotal Paget's disease, and 
none of 5 cases of perianal Paget's disease. Of the 19 patients 
with mammary Paget's disease, specimens of underlying breast 
tissue were available from 14; all contained a concurrent ductal 
adenocarcinoma. Concordance of c-erbB-2 antigen staining be- 
tweentheunderlying breastcarcinoma and thepagetoid component 
was observed in 12 cases. Of the 13 patients with vulvar Paget's 


In humans, the c-erbB-2 oncogene has been found to code 
for a 185,000-dalton transmembrane glycoprotein with 
tyrosine kinase-mediated mitogenic activity." Amplifi- 
cation of the gene is associated with increased c-erbB-2 
oncoprotein expression and has been demonstrated in as 
many as 30% of adenocarcinomas arising in the breast 
and ovary, as well as a smaller percentage of adenocar- 
cinomas of the stomach, colon, and salivary glands.” 
Several investigators demonstrated correlation of c-erbB- 
2 amplification and oncoprotein expression with advanced 
stage of breast carcinoma, early relapse, and shortened 
overall survival length,?*? whereas others have not been 
able to show this association.'9!! Additional analyses of 
differential c-erbB-2 oncoprotein expression in invasive 
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disease, 2 had superficial stromal invasion, and 3 had underlying, 
deeply invasive adenocarcinomas. One superficially invasive cas? 
was positive for c-erbB-2 expression. One additional case of vul- 
var Paget’s disease had an associated primary pagetoid ende- 
cervical adenocarcinoma that spread into the endometrium; botà 
the endocervical and vulvar components stained positively for 
the c-erbB-2 antigen. The results of this study indicate that the 
c-erbB-2 oncoprotein may play a role in the pathogenesis of ex- 
tramammary Paget's disease. These results also suggest that 
the c-erbB-2 oncoprotein may function iz vivo to promote intra- 
epithelial spread of adenocarcinoma cells. (&ey words: C-erbB- 
2; Paget’s disease; Breast; Vulva) Am J Clin Pathol 1991;96: 
243-247 


and in situ breast carcinomas uniformly have revealed a 
significantly higher incidence of c-erbB-2 antigen positivity 
in ductal carcinoma in situ, particularly of the comedo 
type.'2-'4 Recently, Lammie and colleagues reported a 
striking association of c-erbB-2 oncoprotein expression 
with Paget’s disease of the nipple; they found immuno- 
histochemical positivity for c-erbB-2 antigen in 91% of 
cases tested. ? 

Extramammary Paget's disease is a rare form of ade- 
nocarcinoma that has been observed in the vulva, scro- 
tum, perianal skin, axilla, oral mucosa, and eyelid.! '? 
There is still controversy regarding the site and cell type 
of origin of extramammary Paget's disease.!" However, 
recent immunohistochemical evidence suggests that, with 
the exception of perianal Paget's disease arising from rectal 
adenocarcinoma, most cases exhibit apocrine differentia- 
tion, similar to mammary Paget's disease and breast car- 
cinoma.”°?! To further assess the relationship between 
mammary and extramammary Paget’s disease, and the 
possible association between c-erbB-2 oncoprotein 
expression and pagetoid growth of adenocarcinoma celis, 
we performed immunohistochemical staining for the c- 
erbB-2 antigen in 45 cases of mammary and extramam- 
mary Paget's disease. 
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MATERIALS AND METHODS 


Forty-five cases of Paget’s disease were obtained from 
the surgical pathology files of the Vancouver General 
Hospital, 1975-1990 (33 cases), and the Barnes Hospital, 
1983-1989 (12 cases). Sites included the breast in 19 cases, 
vulva in 13 cases, scrotum in 8 cases, and perianal skin 
in 5 cases. Tissue blocks from mastectomy specimens were 
available in 14 of 19 cases of mammary Paget's disease; 
the remaining 5 cases were only nipple biopsy specimens. 
Axillary lymph nodes were included with 13 of the breast 
resection specimens. Vulvectomy specimens were avail- 
able from all 13 cases of vulvar Paget's disease; 4 included 
tissues from inguinal lymph node dissections and 1 in- 
cluded a total hysterectomy specimen. All eight cases of 
scrotal Paget’s disease were large resection specimens, in- 
cluding inguinal lymph nodes in one case. Four of the 
five cases of perianal Paget’s disease consisted of wide 
resection specimens, and one was tissue from a skin bi- 
opsy. 

Sections from formalin-fixed, paraffin-embedded tissue 
blocks, including skin and underlying breast or subcuta- 
neous tissue (if available), were cut at 3-um thickness onto 
silane-treated slides (2% 3-aminopropyltriethoxysilane in 
acetone; Sigma Chemicals, St. Louis, MO). After depar- 
affinization and rehydration, the sections were incubated 
for 20 minutes in equal volumes of methanol and 3% 
hydrogen peroxide, washed in 0.5 mol/L TRIS buffer, 
and blocked for 10 minutes with nonimmune goat serum. 
Primary polyclonal antiserum directed against a synthetic 
14~amino acid polypeptide, representing the carboxy-ter- 
minus of the c-erbB-2 protein (the gift of Dr. Yosh Tera- 
moto, Triton Biosciences Inc., Alameda, CA), was applied 
to each slide at a 1:1,000 dilution for overnight incubation. 

After 0.05 mol/L TRIS buffer washes, each section was 
incubated for 60 minutes with a 1:200 dilution of per- 
oxidase-conjugated goat-antirabbit antibody (Jackson 
Immunoresearch, West Grove, PA), washed in 0.1 mol/ 
L TRIS-acetate buffer (pH 5.0), and developed for 10- 
12 minutes in chromogen (6 mg amnioethylcarbazole 
[AEC] and 1.5 mL dimethylformamide [both from 
Sigma], in 287 mL 0.1 mol/L TRIS-acetate buffer with 
0.5 mL 3% hydrogen peroxide). Sections then were washed 
in water, counterstained with hematoxylin, and mounted 
in aqueous medium. Positive controls consisted of two 
cases of breast carcinoma with immunohistochemical c- 
erbB-2 antigen positivity, confirmed by Western blot 
analysis (personal communication, Dr. Yosh Teramoto). 
Negative controls consisted of Paget's disease cases in- 
cubated with nonimmune rabbit serum or absorbed pri- 
mary antiserum. Diluted antiserum was incubated for 18 
hours at 4 °C with an equal volume of the 14—amino acid 
immunogenic c-erbB-2 peptide sequence (Triton Biosci- 


ences) at 50 ug/mL. Sections were assessed for the presence 
of cell membrane staining only, which has been shown 
to correlate most closely with gene amplification.'' All 
membrane staining was abolished by antiserum absorp- 
tion. 


RESULTS 


Histologic examination of cases of mammary and ex- 
tramammary Paget's disease revealed variably hyperplas- 
tic epidermis containing adenocarcinoma cells distributed 
singly and in groups or acini throughout the epidermis. 
All 14 mastectomy specimens also contained an under- 
lying ductal carcinoma, with 7 having an infiltrative com- 
ponent. Jn situ comedocarcinoma was identified in four 
patients. Dermal lymphatic involvement was not seen in 
any of the breast specimens. All 13 axillary lymph node 
dissection specimens were negative for metastatic disease. 
Of the 13 vulvar Paget's disease cases, 8 showed involve- 
ment of the epidermis and follicular infundibula only. 
Two showed superficial dermal invasion, three contained 
deeply invasive adenocarcinomas (with regional lymph 
node metastases in two), and one case without vulvar der- 
mal invasion was associated with a poorly differentiated 
microinvasive cervical adenocarcinoma with a pagetoid 
growth pattern in the cervix and the endometrium, but 
without clinical evidence of vaginal disease. Two of eight 
cases of scrotal Paget's disease were associated with deeply 
invasive adenocarcinoma, and two showed superficial in- 
vasion; tissue from a single lymph node dissection was 
negative for metastases. Two of five cases of perianal 
Paget's disease were associated with mixed signet-ring cell/ 
colloid carcinomas of distal rectal origin. 

Immunohistochemical analysis for c-erbB-2 antigen 
revealed positive membrane staining in 15 of 19 cases 
(79%) of mammary Paget’s disease and 4 of 13 cases (31%) 
of vulvar Paget’s disease. All examples of scrotal and per- 
ianal Paget’s disease were negative for membrane staining. 
The c-erbB-2—positive adenocarcinoma cells contrasted 
clearly with the surrounding negative keratinocytes. Sev- 
eral cases with membrane staining also exhibited granular 
cytoplasmic staining. The pattern of pagetoid growth did 
not differ between c-erbB-2-positive and —negative cases. 

Of the 14 cases of mammary Paget's disease for which 
mastectomy specimens containing underlying ductal car- 
cinoma were available for analysis, 12 were positive for 
c-erbB-2 staining (Fig. 1). Concordant c-erbB-2 staining 
was observed in 12 of these 14 cases; 2 with c-erbB-2 
positivity of the Paget's disease component were negative 
in the underlying breast carcinoma. However, both of 
these cases had only single, microscopic foci of ductal 
carcinoma in situ; hence, regional variation of c-erbB-2 
expression and sampling error could account for this dis- 
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Fic. 1 (upper, left). Mammary Paget’s disease, showing c-erbB-2 membrane staining of basally located (arrows) adenocarcinoma cells. Amnioeth: l- 
carbazole with hematoxylin (X400). 


FIG. 2 (upper, right). In situ ductal carcinoma of breast, comedo type, showing c-erbB-2 membrane and cytoplasmic staining. Ammoethylcarbazcle 
with hematoxylin (400). 


FIG. 3 (lower). Vulvar Paget’s disease, positive for c-erbB-2 membrane staining. Amnioethylcarbazole with hematoxylin, dark blue “liter (X800). 
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crepancy. The four cases containing an in situ comedo 
component were strongly positive for c-erbB-2 membrane 
staining (Fig. 2). Six of seven cases with an infiltrative 
ductal carcinoma component were c-erbB-2 positive. 

Of the four cases of c-erbB-2-positive vulvar Paget's 
disease (Fig. 3), two contained intraepidermal adenocar- 
cinoma only, one showed superficial stromal invasion, 
and one was associated with a poorly differentiated en- 
docervical adenocarcinoma. The endocervical carcinoma 
also exhibited strong c-erbB-2 membrane staining (Fig. 
4). To our knowledge, this is the first reported example 
of immunohistochemical c-erbB-2 antigen expression in 
an endocervical adenocarcinoma. In five additional cases 
of typical endocervical adenocarcinoma, subsequent an- 
alysis for c-erbB-2 antigen expression produced negative 
findings in all cases. Both cases of vulvar Paget's disease 
with lymph node metastases were negative for c-erbB-2 
staining. 

Because of the small number of cases in this series, 
patient follow-up data were not analyzed statistically. 
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Fic. 4. Endocervical adenocarcinoma with pagetoid growth pattern from 
the same patient as the specimen shown in Figure 3, with c-erbB-2 mem- 
brane staining. Amnioethylcarbazole with hematoxylin (X400). 


Nevertheless, none of the four patients with c-erbB-2-— 
positive vulvar Paget’s disease has had lymph node me- 
tastases develop, although two have had local tumor re- 
currence. 


DISCUSSION 


Although the incidence of amplification and increased 
expression of the c-erbB-2 oncogene has been estimated 
at 30% in breast carcinomas,” recent evidence has indi- 
cated that this figure varies widely between purely in situ 
and invasive tumors. Barnes and co-workers!! found im- 
munohistochemical staining for c-erbB-2 antigen in only 
9% of purely invasive adenocarcinomas, whereas Guster- 
son and associates and Van de Vijver and colleagues found 
positive staining in 44% and 42% of cases of pure in situ 
ductal carcinoma, respectively.!?!^ Similarly, Allred and 
associates found c-erbB-2 oncoprotein expression in 11% 
of infiltrative ductal carcinomas and 55% of in situ ductal 
carcinomas.'* These results seem to be at odds with those 
of other investigators, who have found an association be- 
tween c-erbB-2 positivity, advanced stage of disease, and 
shortened survival time.^9? This apparent paradox may 
be explained in part by the additional observation that 
80-100% of in situ ductal carcinomas with high-grade 
comedo morphologic characteristics are positive for the 
c-erbB-2 antigen.'*!4 The presence of a comedocarcinoma 
pattern has been associated with early local recurrence in 
patients with breast carcinomas treated by lumpectomy,? 
possibly indicating extensive intraductal tumor spread. 

The current study documents c-erbB-2 protein expres- 
sion in 79% of cases of mammary Paget’s disease, a pro- 
portion similar to that found by Lammie and associates? 
We also have identified c-erbB-2 positivity in 3196 of cases 
of vulvar Paget's disease, a previously unrecognized as- 
sociation. A recent study by Meissner and colleagues? 
showed similar expression of c-erbB-2 oncoprotein in 
mammary Paget's disease but did not demonstrate it in 
seven cases of vulvar Paget's disease. Because c-erbB-2 
expression was absent in their relatively small series of 
vulvar cases, the authors concluded that mammary and 
extramammary Paget's disease, although phenotypically 
similar, derive from different genetic alterations. Con- 
versely, the findings of our study suggest that c-erbB-2 
oncoprotein expression may play a role in the pathogenesis 
of extramammary Paget's disease and would tend to sup- 
port immunohistochemical studies indicating a common 
derivation for some forms of breast carcinoma and vulvar 
Paget's disease.””?! However, c-erbB-2 expression clearly 
is not specific to carcinomas of apocrine origin, because 
it has been identified in adenocarcinomas of the ovary 
and gastrointestinal tract?” and was present in our un- 
usual case of vulvar Paget's disease with an associated 
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cervical adenocarcinoma. More importantly, the com- 
bined observations of increased c-erbB-2 oncoprotein 
expression in a high proportion of cases of Paget’s disease 
and of intraductal comedocarcinoma of the breast, as well 
as a significant proportion of vulvar Paget’s disease cases, 
suggest that this oncoprotein may function in vivo to pro- 
mote intraepithelial tumor cell proliferation. The apparent 
biochemical function of the transmembrane c-erbB-2 
protein as a tyrosine kinase-mediated activator of cell 
proliferation conforms with this hypothesis.!? 

The results of this study suggest areas that may need 
to be investigated regarding the role of c-erbB-2 oncopro- 
tein in intraepithelial tumor growth. Retrospective and 
prospective studies of c-erbB-2 expression in patients with 
breast cancer treated by lumpectomy may indicate which 
patients are at greatest risk for subsequent local tumor 
recurrence. Additional larger studies of patients with vul- 
var Paget’s disease—the prognosis of which currently is 
predicted by the presence of stromal invasion and lymph 
node metastasis'É—also may provide information re- 
garding the likelihood of local tumor recurrence. 
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Differential Diagnosis of Neuroblastoma 


HANNU SARIOLA, M.D., HARRI TERAVA, M.D., JUHANI RAPOLA, M.D., 
AND ULLA M. SAARINEN, M.D. 


The expression of the disialoganglioside GD2 was analyzed in 
67 solid tumors and norma! tissues from childrem by using the 
GD2-specific murine monoclonal antibody 3A7 and the indirect 
immunoperoxidase method. GD2 was expressed in all of 28 neu- 
roblastomas and was most abundant in stroma-poor tumors. In 
differentiating stroma-rich neuroblastomas, neuroblastic clusters, 
neurofibrils, and most ganglion-like cells were positive, whereas 
Schwann’s-cell stroma did not express GD72. In ganglioneuromas, 
only a few ganglion-like cells showed GD2, whereas all other 
structures were negative. Scattered foci of ganglioside GD2 also 


Most neuroblastomas are “small round-cell tumors," with 
a variety of possible differential diagnoses, including non- 
Hodgkin’s lymphomas, Askin’s tumors, Ewing’s sarco- 
mas, other small-cell sarcomas, and primitive neuroec- 
todermal tumors.'* Therefore, the specific histopathologic 
diagnosis of neuroblastoma is aided by several immu- 
nohistochemical markers, such as neurofilaments,** syn- 
aptophysin,"? neural cell adhesion molecule,’ and neu- 
ron-specific enolase.!9-? However, none of these markers 
is specific to neuroblastoma, and the antibodies against 
these proteins label a variety of other tumors of child- 
hood.^'^ Furthermore, in immunohistochemical analysis, 
they are not helpful in assessing prognosis.'? Other, as yet 
uncharacterized, monoclonal antibodies have proved to 
be promising in differentiating neuroblastoma from other 
primitive peripheral neuroectodermal tumors.!9!? 

The disialoganglioside GD2 is a cell surface glycolipid 
that is synthesized in abundance by primary untreated 
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were found in some non-neuronal tumors, such as rhabdomyo- 
sarcomas and osteosarcomas, but not in lymphomas, Askin tu- 
mors, or most Wilms’ tumors. The monoclonal antibody 3A7 is 
a useful aid in the immunohistochemical diagnosis of neuro- 
blastoma. Im addition, the intense cell surface staining of neu- 
roblastoma cells by this reagent makes it potentially useful for 
detecting residual neuroblastoma in bone marrow samples and 
lymph node biopsies. (Key words: Pediatric neoplasms; Soft tis- 
sue neoplasms; Neuroectodermal tumors; Sarcomas) Am J Clin 
Pathol 1991;96:248-252 


neuroblastomas!9?! and can be detected in the plasma of 


patients with these tumors.”°-”” Circulating GD2 decreases 
in response to therapy and reappears in patients whose 
disease has recurred.? Thus, GD2 has been introduced 
as a potential marker for neuroblastoma.!*??! However, 
by chromatographic techniques, GD2 has not been found 
in well-differentiated ganglioneuroblastomas.? Other 
neural crest-derived tumors, such as neuroepithelioma 
and pheochromocytoma, do not synthesize GD2, whereas 
this marker is a major ganglioside in melanomas and 
gliomas.?**° 

In the current study, the differential diagnostic value 
of the anti-GD2 monoclonal antibody 3A7!? was evalu- 
ated by indirect immunoperoxidase staining of malignant 
and benign solid neoplasms of childhood. Strong staining 
by 3A7 was seen in all 28 neuroblastomas analyzed, 
whereas most other childhood neoplasms, including 
Wilms’ tumors, lymphomas, and other neuroectodermal 
tumors, showed little if any reactivity. 


MATERIALS AND METHODS 


Materials 


Case materials consisted of fresh frozen tissues from pe- 
diatric solid tumors, obtained either by surgery or biopsy 
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at initial presentation or after chemotherapy. The samples 
were frozen in liquid nitrogen and cryopreserved at —70 
°C until they were analyzed. Twenty-eight neuroblastomas 
(including five well-differentiated stroma-rich ganglioneu- 
roblastomas) were analyzed. The diagnosis was based on 
light and electron microscopy of the tumors, immunohis- 
tochemical demonstration of neurofilaments and synap- 
tophysin, and elevated urinary cathecolamine secretion. 
Other solid tumors of childhood included lymphoma (N 
= 6), Wilms’ tumor (7), renal malignant rhabdoid tumor 
(1), rhabdomyosarcoma (10), ganglioneuroma (3), alveolar 
soft part sarcoma (1), small-cell desmoplastic tumor of 
childhood (1), Askin’s tumor (2), osteogenic sarcoma (5), 
synovial sarcoma (1), and anaplastic sarcoma of the urinary 
tract (1). Biopsies of normal brain, sympathetic ganglion, 
adrenal gland, striated muscle, lymph node, thyroid gland, 
gut, myocardium, spleen, thymus, liver, pancreas, and kid- 
ney were obtained from autopsies of neonates (2) and fe- 
tuses of 20 to 22 weeks’ gestation (2). 

All samples were frozen in liquid nitrogen, cut at 10 
um with a cryostat (Cambridge Instruments GmbH, 
Nussloch, FRG), air-dried at room temperature for 30 
minutes, fixed for 10 minutes in cold (—20 °C) acetone, 
and stained by the indirect immunoperoxidase method, 
as described here. 


Immunohistochemistry 


The murine monoclonal antibody (MoAb) 3A7 is of 
the IgM class and specifically labels the cell-surface disi- 
aloganglioside GD2.'* 3A7 is not commercially available 
and was provided by Dr. N-K.V. Cheung, the Memorial 
Sloan Kettering Cancer Center, New York, New York. 
MoAb 3A7 was used as a hybridoma supernatant. It was 
diluted at 1:6 in Tris-buffered saline (TBS) containing 
0.1% bovine serum albumin (pH 7.4). The final concen- 
tration of the antibody was 3 ug/mL. Sections were in- 
cubated for 10 minutes in 10% normal rabbit serum, blot- 
ted, incubated with the primary antibody for 30 minutes, 
and washed three times for 5 minutes in TBS. The sec- 
ondary antibody, a horseradish peroxidase-labeled rabbit 
antimouse immunoglobulin (Dakopatts P-161, Copen- 
hagen, Denmark), was diluted at 1:400 and incubated for 
30 minutes at room temperature. After three further 
washes in TBS, sections were immersed for 20 minutes 
at room temperature in a freshly made solution of 3- 
amino-9-ethylcarbazole (40 mg) in 12 mL of N, N-di- 
methylformamid mixed in 200 mL of acetate buffer (0.05 
M, pH 5.0) and 200 uL of hydrogen peroxide. The sections 
were counterstained with hematoxylin and mounted in 
Aquamount (BDH Limited, Poole, UK). 

In the preparation of negative controls, the primary 
antibody was omitted. In addition, before the 3A7 anti- 
body incubation, some sections were fixed for 5 minutes 


in methanol. This solvent effectively dissolves zhe GD2 
ganglioside. Only frozen sections of tumor or tissue were 
used in the study. The 3A7 antibody is not app»icable to 
paraffin-embedded samples because gangliosides are dis- 
solved during tissue processing. 


RESULTS 


The use of MoAb 3A7 in immunohistochemicl studies 
demonstrated that all 28 neuroblastomas expressed the 
GD2 ganglioside (Fig. 1.4). 3A7 reacted strongly with the 
membranes of the neuroblastoma cells. Althougn all neu- 
roblastomas were labeled with 3A7, staining intensity was 
dependent on the differentiation of the tumor eells. The 
strongest staining reaction was obtained in strcma-poor 
undifferentiated neuroblastomas, in which all tumor cells 
evenly expressed GD2. In differentiating neurob:astomas. 
neurofibrils were regularly stained, whereas most mature 
ganglion-like cells in ganglioneuroblastomas and the 
Schwann’s-cell stroma in stroma-rich neuroblastomas 
were negative for GD2. Little if any GD2 was seen in 
ganglioneuromas, in which only a few ganglion-like cells 
bound 3A7 (Fig. 1B). The reactivity of neurcblastoma 
cells did not decrease during cryopreservation up to 72 
months). Methanol fixation for 5 minutes aboashed the 
staining reaction. 

Other “small, round, blue-cell tumors" of caildhood. 
such as lymphoma and Askin’s tumor, did nct express 
GD2. Scattered small foci of positive cells were found in 
rhabdomyosarcomas and Wilms’ tumors, in which oc- 
casional positive areas were found in the stroma. GD2- 
positive cells were not seen in blastemal or tubular areas 
of Wilms' tumors. The undifferentiated cellular areas of 
most osteogenic sarcomas were labeled by A7 (Fig. 
2). These results are summarized in Figure 3. 

In normal neonatal and embryonic tissues (20-22 
weeks’ gestation), binding of 3A7 was found in the capsule 
of the parathyroid gland and the thymus; neuroendocrine 
cells of the lung; and the peripheral nerves. The adrenal 
gland, brain, liver, kidney, pancreas, striated and smooth 
muscle, gut, myocardium, aorta, and sympathevc ganglia 
were negative. 


DISCUSSION 


The monoclonal antibody 3A7 appears to be a sensitive 
marker for neuroblastoma and is a good adju act in the 
differential diagnosis of *small round-cell tumors" of 
childhood. All 28 neuroblastomas in this series were pos- 
itive by immunoperoxidase staining with this entibody. 

The ganglioside GD2 was abundant in undifferentiated 
neuroblastic areas, but it was not expressed im well-dil- 
ferentiated, stroma-rich areas of neuroblastomas. Gan- 
glioneuromas generally were negative for GL2; only a 
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FIG. 1. Binding of the GD2-specific antibody 3A7 to (A) stroma-poor, undifferentiated neuroblastoma and (B) ganglioneuroma. Note that a ganglion- 
like cell marked by an arrow shows expression of GD2. A and B, indirect immunoperoxidase staining of frozen sections (X250). 





FiG. 2. Binding of the 3A7 antibody to osteogenic sarcoma. Primitive 
cellular areas are positive, whereas more mature foci do not bind the 
antibody. Indirect immunoperoxidase staining of frozen sections (X250). 


few ganglion-like cells were labeled by 3A7. This finding 
is analogous to the normal developmental shift in the brain 
from synthesis of mono- and disialated gangliosides to the 
more complex multisialated gangliosides.^^^* Our results 
suggest that the immunoperoxidase technique with MoAb 
3A7 may be more sensitive than thin-layer chroma- 
tography’? in the detection of ganglioside GD2 in tumor 
samples. 

The ganglioneuromas we studied generally were neg- 
ative for GD2. In neuroblastomas, neurofibrils were la- 
beled by 3A7. Therefore, the loss of ganglioside GD2 may 
not be explained solely through neuronal differentiation 
of the tumor cells but mav reflect the amount of 
Schwann’s-cell stroma in such tumors. The antibody 3A7 
also may be a useful aid in assessing the tumors according 
to the classification of Chatten and colleagues,?? which is 
based in part on the level of stromal differentiation. 

Some other pediatric solid tumors, such as osteogenic 
sarcomas, some rhabdomyosarcomas, and one of seven 
Wilms' tumors, showed scattered foci of GD2-reactivity. 
This is in accord with the findings of Cheung and col- 
leagues," who noted reactivity with 3A7 in three of six 
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Neuroblastoma 
Osteogenic sarcoma 
Rhabdomyosarcoma 
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Askin tumor 
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Fic. 3. Binding of the GD2-specific antibody 3A7 to pediatric solid tu- 
mors. (Others — synovial sarcoma, small cell desmoplastic tumor of 
childhood, renal malignant rhabdoid tumor, alveolar soft part sarcoma, 
and anaplastic sarcoma of the urinary tract.) 


osteogenic sarcomas and one of six rhabdomyosarcomas 
by using the ELISA method. In addition, several Ewing’s 
sarcoma cell lines express GD2,' but we do not know 
whether this is the case with in vivo human tumors. Het- 
erogeneous expression of neuronal cell lineage markers is 
not a rare feature among pediatric tumors, and it has been 
observed earlier with all neuroblastoma marker proteins.? 
This also is true for primitive neuroectodermal tumors of 
the central nervous system, which may express all classes 
of intermediate filaments.?! Therefore, several marker 
proteins must be analyzed simultaneously in the proper 
immunohistochemical evaluation of neuroblastoma and 
other neuroepithelial tumors. 

Whereas the ganglioside GD2 was found in some neural 
crest derivatives of neonatal and embryonic tissues, we 
did not observe it in fetal adrenal medulla, which often 
contains clusters of neuroblastic cells. These have been 
called “neuroblastomas in situ" by some authors." Al- 
though adrenal neuroblastic clusters mimic neuroblas- 
toma cells morphologically, our findings are consistent 
with their biologic behavior, showing that these clusters 
do not normally progress to neuroblastoma.” 


We conclude that immunohistochemical studies with 
the anti-GD2 monoclonal antibody 3A7 are helpful in 
the detection and differential diagnosis of neuroblastoma. 
In addition, antibodies against GD2 have proven to be 
useful therapeutically in antibody-mediated binding of 
radioactive molecules to neuroblastoma cells ^ and in de- 
tecting residual neuroblastoma in bone marrow aspi- 
rates.? The role of the ganglioside GD2 as a diferentia- 
tion-related antigen during neuronal maturaticn merits 
emphasis and further studv. 
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A. Case Report with Immunohistochemical, Electron 
Microscopic, and DNA Flow Cytometric Analysis 
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NELSON G. ORDÓÑEZ, M.D.,! RICHARD J. BABAIAN, MD.2 
AND ALBERTO G. AYALA, M.D? 


A 22-year-old man presented with symptoms of urinary obstruc- 
tion and was found to have a 5-cm mass protruding from the left 
side of the prostate into the prostatic. urethra. The lesion was 
partially removed by transurethral resection (TURP). The pa- 
tient’s symptoms recurred, so he required another TURP four 
months later; at latest follow-up (four.years later), there was no 
evidence of disease. Light microscopy.revealed a myxoid lesion 
characterized by an atypical fibroblastic proliferation associated 
with a prominent inflammatory component and granulation tis- 
sue-type vasculature. The lesion nearly replaced the prostatic 


Benign fibroblastic tumor-like lesions of the visceral or- 
.gans represent a large and diverse group of pathologic 
entities that may cause diagnostic difficulties because of 
their histologic similarities to malignant neoplasms.!? 
Such pseudomalignant.lesions in the genitourinary tract 
are rare, and have been the subject of case reports during 
the past decade.*~!! Those that occur after surgical trauma 
(for example, after instrumentation, biopsy, transurethral 
resection, or hysterectomy) have been named “postop- 
erative spindle cell nodules" by Proppe and associates’ 
and are thought to represent reactive processes. Others 
occur in patients without a recent history of surgical 
trauma,??$5-11 and they have been designated variously 
as "pseudosarcomas," "inflammatory .pseudotumors," 

and, as in an earlier report from our institution of two 
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parenchyma and invaded the bladder wall. Immunohistochem- 
istry and electron microscopy | showed a predominance of fibro- 
blasts with occasional myofibroblasts. DNA flow cytometric 
analysis showed that the tumor cells had a diploid DNA content. 
Given these findings and the indolent clinical course, the authors 
think that this lesion represents a benign, reactive process con- 
sistent with a pseudosarcomatous fibromyxoid tumor, a recently 
described rare lesion of the genitourinary tract. (Key words: 
Pseudosarcoma; Pseudotumor; Prostate; Fibromyxoid tumor) 
Am J Clin Pathol 1991;:96:253—258 


cases in the urinary bladder,’ “pseudosarcomatous fibro- 


myxoid tumors” (PFMTs)! 1 Here we report an additional 
case of PFMT that arose in the prostate, and we review 
the relevant literature on this lesion. 


REPORT |OF A CASE 


A 22-year-old man first noticed urinary urgency and a gradual decrease 
in.the force.of-his urinary stream in March 1986. In- June 1986, he- 
developed near-total urinary obstruction and was seen by a local phy- 
sician. A diagnosis of prostatitis was'made, and treatment with antibiotics 
resulted in modest clinical improvement. Urinary obstructive symptoms 
continued, and cystoscopy in October 1986 revealed an asymmetrical 
enlargement of the prostate. on the left side, the prostate protruded 
across the verumontanum, filling two-thirds of the prostatic urethra. The 
urethral mucosa was intact, and the bladder was unremarkable. Trans- 
rectal biopsy of the left prostatic mass was performed, and a diagnosis 
of “possible low-grade sarcoma” yas rendered. The patient was referred 
to M. D. Anderson Cancer Center for further evaluation and treatment. 

Physical examination of the patient at our hospital was unremarkable 
except for an enlarged and firm prostate. Results of routine hematology 
and chemistry surveys were within normal limits. Radiologic studies, 
including chest roentgenography|and abdominal and pelvic computed 
tomography, were negative for metastatic disease. Because of worsening 
symptoms of urinary obstruction, the patient underwent transurethral 
resection of the prostate (TURP) in July 1987. The lesion was too large 
to remove by limited resection; four months later, 1 the patient again de- 
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veloped symptoms of urinary retention and underwent another TURP 
to excise the remaining mass. At last contact, in June 1990, he was well 
with no evidence of genitourinary disease. 


MATERIALS AND METHODS 


Tissue samples obtained from the two TURP proce- 
dures were fixed in 10% phosphate-buffered formaldehyde 
and embedded in paraffin. Sections measuring 4-5 um 
were stained with the hematoxylin and eosin, alcian blue 
at pH 2.7, periodic acid-Schiff (PAS), and mucicarmine 
techniques. 

Immunoperoxidase staining was performed on repre- 
sentative sections of formalin-fixed, paraffin-embedded 
tissue by using the avidin-biotin-peroxidase complex 
method of Hsu and co-workers.'* The sections were la- 
beled with antibodies against vimentin (DAKO Corpo- 
ration, Santa Barbara, CA; 1:25 dilution), cytokeratin 
(AEI/AE3, Boehringer Mannheim, Indianapolis, IN; 1: 
300), desmin (DAKO; 1:100), alpha-smooth-muscle actin 
(Sigma Chemicals, St. Louis, MO; 1:1,000), myoglobin 
(DAKO; 1:1,200), and S-100 protein (DAKO; 1:1,000). 


"oam & 





Immunohistologic reactions were visualized using 3- 
amino-9-ethylcarbazole as chromogen. The slides were 
counterstained with Mayer's hematoxylin. 

For electron microscopic evaluation, fresh tissue sam- 
ples were fixed in 2% glutaraldehyde, postfixed in 1% os- 
mium tetroxide, and stained with uranyl acetate and lead 
citrate. Ultrathin, Epon -embedded sections (Epon; Ted 
Pella Inc., Redding, CA) were examined. 

DNA flow cytometric analysis was performed by a pre- 
viously described two-step staining method, using acridine 
orange.'* Cellular RNA/DNA content was analyzed on a 
Coulter Profile" (Hialeah, FL) cytophotometer. 


RESULTS 


Both of the TURP specimens consisted of multiple ir- 
regular fragments of soft tissue, ranging in color from tan 
to pink, measuring about 5.0 X 5.0 X 3.0 cm and 3.0 
X 3.0 X 3.0 cm, respectively. Light microscopic evaluation 
of the lesion revealed a cellular, myxoid proliferation (Fig. 
1) replacing the prostatic ducts and acini and extending 
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FIG. | (Left). Tissue obtained by the first transurethral resection shows almost complete replacement of the prostatic parenchyma by a proliferation 
of spindle-shaped cells lying in a myxoid stroma. Hematoxylin and eosin (X250). 





FiG. 2. A. The stroma has a loose, edematous appearance and contains chronic inflammatory cells and small vessels. Hematoxylin and eosin (X100). 
B. Higher magnification shows slit-like vessels. Hematoxylin and eosin (X160). 
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into the bladder wall. The lesion was composed of widely 
separated spindle cells lying in a loose, edematous, and 
myxoid stroma that contained chronic inflammatory cells 
and abundant small vessels (Fig. 2). The nuclei of the 
spindle cells were large and moderately hyperchromatic 
and pleomorphic. There were occasional atypical, large 
cells with bizarre nuclei and prominent single or multiple 
nucleoli (Fig. 3). Although a few mitoses (average | per 
10 high-power fields) were present (Fig.4), none were 
atypical. The stroma was rich in acid mucopolysaccha- 
rides, as evidenced by intense alcian blue staining and 
negativity with the PAS and mucicarmine stains. The 
spindle cells did not stain for mucin. 

The fusiform cells showed strong, intracytoplasmic 
positivity for vimentin. Scattered cells also were positive 
for smooth-muscle actin, but no reactivity for desmin, 
myoglobin, S-100 protein, or cytokeratin was observed. 

Electron microscopic analysis revealed elongated cells 
embedded in a loose intercellular matrix. The cells had 


oval nuclei, which sometimes were indented. The cyto- 
plasm contained abundant rough endoplasmic reticulum, 
and there were prominent cell processes (Fig. 5). Some of 
the spindle cells showed peripheral condensations of mi- 
crofilaments that occasionally were associated with dense 
bodies, indicating myofibroblastic differentiation (Fig. 6). 

Flow cytometric analysis, performed on fresh tissue 
from both TURPs, revealed that the cells had a diploid 
DNA content. The S+G>M value (proliferative index) was 
8% in tissue from the first TURP and 6% in the second 
specimen. 


DISCUSSION 


A variety of benign, reactive processes in the genito- 
urinary tract can assume a spindle cell appearance and 
be confused with malignant mesenchymal neoplasms. '~ 
Reactive pseudosarcomatous spindle cell proliferations 
related to previous surgery (postoperative spindle cell 





FIG. 3 (lefi). Although the majority of the spindle-shaped cells have uniform, normochromic nuclei with a fine chromatin pattern, there are scattered 
atypical cells showing large nuclei with prominent nucleoli. Hematoxylin and eosin (X400). 


FIG. 4 (right). Occasional mitotic figures are present, none of them atypical. Hematoxylin and eosin (x400) 
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FIG. 5 (upper). Low-power electron micrograph shows spindle cells with moderately irregular oval nuclear profiles and cytoplasm containing abundant 
rough endoplasmic reticulum and prominent cell processes (3,200). 


FiG. 6 (lower). Higher-magnification electron micrograph of a more cellular area shows a subplasmalemmal collection of thin filaments at the 
periphery of some cells (arrows) (6,000). 
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nodules)! occur from weeks to months after a surgical 
procedure and can be mistaken for a sarcoma because of 
their rich cellularity and brisk mitotic activity. PFMT, 
another benign genitourinary tract lesion, may histolog- 
ically resemble postoperative spindle cell nodule but oc- 
curs in patients without a history of operative trauma. In 
1980, Roth? first described PFMT, in a case involving the 
urinary bladder. Judging by the number of cases reported 
to date (see Table 1), PFMT seems to be rare. The prostate 
has been the site of involvement in only two reported 
cases,*'° and in one case the lesion was reported to be in 
bladder neck/prostate area.!! 

The exact histogenesis of PFMT is unclear, but its his- 
tologic features (the presence of granulation tissue-type 
vasculature and a prominent inflammatory cell compo- 
nent) and benign clinical evolution strongly suggest a re- 
active/pseudoneoplastic process. In the present case, as 
in previous reports, 9! immunohistochemistry and 
electron microscopy demonstrated a fibroblastic-myofi- 
broblastic nature for PFMT. 

Leiomyosarcoma and rhabdomyosarcoma are the ma- 
lignant neoplasms that are most likely to be confused with 
PFMT because these lesions may have a myxoid histology. 
Because PFMTs are myxoid and may contain “strap” or 
“tadpole” cells, the chance of their being confused with 
rhabdomyosarcoma is especially great. However, the latter 
tumor characteristically shows condensation of tumor cells 
beneath the genitourinary epithelium (cambium layer), 
and constituent cells exhibit various stages of skeletal- 
muscle differentiation, with some showing cross-striation. 
The demonstration of skeletal-muscle differentiation in 
the tumor cells by immunohistochemistry and electron 
microscopy further establishes this diagnosis. 


In adults, the most common sarcoma of the prostate 
is leiomyosarcoma. Most examples of this neoplasm are 
histologically high-grade tumors, with marked pleomor- 
phism and a high mitotic rate. Pure myxoid leiomyosar- 
coma has not been documented in the prostate to our 
knowledge, although there|have been reports of predom- 
inantly myxoid leiomyosarcoma in the urinary bladder." 
Myxoid leiomyosarcomas tend to be less cellular, and mi- 
toses are scanty. Hence, the differential diagnosis between 
PFMT and myxoid leiomyosarcoma may pose prob- 
lems. Strong. immunoreactivity for smooth-muscle 
markers, together with ultrastructural evidence of muscle 
cell differentiation, can be helpful in achieving the correct 
diagnosis of leiomyosarcoma. 

Other malignant neoplasms, such as neurofibrosar- 
coma, fibrosarcoma, and malignant fibrous histiocytoma, 
also should be considered in differential diagnosis of 
PFMT. However, in most|cases the former tumors show 
sufficient cytologic atypia and mitotic activity, which pre- 
vent their being confused with benign lesions. Sarcoma- 
toid carcinoma! also should be considered, particularly 
when only a small biopsy specimen is available. On oc- 
casion, this tumor may |show focal myxoid changes, 
thereby creating confusion with other myxoid lesions, in- 
cluding PFMT. In our experience, sarcomatoid carcinoma 
is always a high-grade neoplasm;"° therefore, a distinction 
with PFMT is straightforward. 

Benign lesions of the prostate that may be confused 
with PFMT include postoperative spindle cell nodule and 
cystosarcoma phyllodes of the prostate. PFMT differs from 
postoperative spindle celll nodule with reference to the 
clinical history and, to some extent, histologic features. 
Postoperative spindle cell'nodules usually are more cel- 


TABLE 1. CLINICOPATHOLOGIC FEATURES OF REPORTED PSEUDOSARCOMATOUS FIBROMYXOID 
TUMORS OF THE GENITOURINARY TRACT 


Mitotic Follow-up 
Reference Age/Sex Site Figures Treatment Status 
Roth, 1980° . 32/F Bladder Frequent Resection AW/]1 year 
Hafiz and colleagues, 1984? 56/M Prostate None Cystoprostatectomy AW/1.5 year 
Olsen, 19846 24/F Bladder NR Resection NR 
Nochomovitz and Orenstein, 1985° 73/F Bladder Rare Resection DOC 
Nochomovitz and Orenstein, 1985° 22/M Bladder Rare Resection AW/3 year 
Ro and colleagues, 1986? 56/F Bladder 2/10 HPF Partial cystectomy AW/2 year* 
Ro and colleagues, 1986° 52/F Bladder 2/10 HPF TUR AW/3 mot 
Young and Scully, 1987!° 59/M Bladder Occasional TUR AW/3.5 year 
Young and Scully, 1987 51/M Prostate None TU R/2.5 year 
AW/8 year 
Young and Scully, 19879 59/F Urethra Occasional Excision AW/18 mo 
Hughes, 1991!!t 47/F Bladder Occasional Cystectomy AW/9 yr 
Hughes, 1991!! 4l/F Bladder Occasional Resection AW/4 yr 
Hughes, 1991" 48/F Bladder Occasional Partial resection AW/2 yr 
Hughes, 19911! 64/M Prostate/Bladder neck Occasional Resection AW/9 mo 


Present report 22/M Prostate 1/10 HPF TU R/4 mo 
AW/4 year 


NR = not reported; HPF = high-power fields; TUR = transurethral resection; AW = alive and 
well; DOC = died of other causes; R = recurrence. 
* Latest follow-up: AW/6 year. 


T Latest follow-up: AW/4 year. 
t Hughes et al reported 5 cases and four of them are listed in this table. The fifth case is not 
included since the lesion appeared to be associated with an invasive transitional cell carcinoma. 
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lular than PFMTs and show a more compact arrangement 
of the spindle cells.* Furthermore, they tend to contain 
fewer inflammatory cells, and vascular proliferation in 
the stroma is not as prominent as in PFMTs. 

Only a few cases of cystosarcoma phyllodes of the pros- 
tate have been reported.'’ Confusion with PFMT may 
arise when a small biopsy specimen contains predomi- 
nantly the stromal component, and the typical biphasic 
pattern is not well seen. The vascular component and 
abundant inflammatory cells of PFMT discriminate be- 
tween these lesions. 

Although PFMTs are rare, as evidenced by the few cases 
in the literature, their accurate identification has great 
importance in avoiding unnecessary radical treatments. 
Because of the recent recognition and limited follow-up 
of PFMT, there is no universal agreement regarding ther- 
apy. However, management in all cases has consisted of 
either cystectomy or transurethral resection of the prostate 
or bladder. No patient has had metastases or died of dis- 
ease. Our current recommendation is that conservative 
management, such as wide excision or partial resection. 
should be used, with close follow-up. When pathologists 
encounter this type of genitourinary tract lesion, clini- 
copathologic correlation is mandatory. 
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GRIFFITH AND CARCANGIU 
SCTAT in Fallopian Tube 


Sex Cord Tumor with Annular Tubuies 
Associated with Endometriosis 
of the Fallopian Tube 


LINDA M. GRIFFITH, M.D., P.D., AND MARIA-LUISA CARCANGIU, M.D. 


Sex cord tumor with annular tubules (SCTAT) is a distinctive 
ovarian sex cord-stromal tumor. The authors describe a case of 
SCTAT arising outside the ovaries, in the fallopian tube. The 
authors are aware of only one other case of extra-ovarian SCTAT, 
in an umbilical hernia sac in an adult woman. The case reported 
was an incidental finding in a hysterectomy specimen, obtained 
because of carcinoma in situ of the uterine cervix in a 32-year- 
old woman. The patient is alive and disease-free two years after 


Sex cord tumor with annular tubules (SCTAT) is a rare 
form of ovarian sex cord-stromal neoplasm that was first 
described by Scully! in 1970. In patients with Peutz- 
Jeghers syndrome (PJS), these tumors usually are small, 
bilateral, and benign. Those occurring in females without 
PJS tend to be larger and unilateral,” and rarely are ma- 
lignant.^? Associated “adenoma malignum" of the cervix 
may occur in the absence of or more frequently in the 
presence of PJS.” SCTAT may arise in association with 
other ovarian tumors or exhibit foci of divergent differ- 
entiation.^^-? 

Two cases of SCTAT have been described in the testis 
of male patients.!*!^ The first extra-ovarian case of 
SCTAT in a female, arising in an umbilical hernia sac, 
recently was reported by Baron and colleagues. We 
herein describe the second case of extra-ovarian SCTAT 
in a woman. 


REPORT OF A CASE 


The patient was a 32-year-old woman admitted to Yale-New Haven 
Hospital for total abdominal hysterectomy, bilateral salpingectomy, left 
oophorectomy, and appendectomy because of documented carcinoma 
in situ of the uterine cervix. The clinical history was negative for PJS, 
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surgery. The I-cm tumor in the right fallopian tube was composed 
of typical ring-shaped tubules encircling hyalinized basement 
membrane-like material. In addition, glands and stroma of en- 
dometriosis were intimately admixed with the nests of tumor. 
The implications of these findings for the origin of SCTAT and 
ovarian sex cord structures are discussed. (Key words: Sex cord 
tumor with annular tubules; Gonada! sex cords; Endometriosis; 
Ovary; Fallopian tube) Am J Clin Pathol 1991;96:259—262 


and the patient had a right oophoréctomy nine years previously. She is 
well two years after the diagnosis of SCTAT was made. 

The operative specimen consisted of the uterus, right and left fallopian 
tubes, and left ovary. Both fallopian tubes exhibited multiple serous cysts. 
In addition, the mid-portion of the right fallopian tube was remarkable 
for the presence (on the serosal surface) of a 1-cm solid mass, which on 
cut section, was shown to consist of multiple minute, golden-brown nod- 
ules. These measured 0.3 cm in greatest dimension. The lumen of the 
tube was patent. The remainder of the specimen, including the appendix, 
was grossly unremarkable. | 

Microscopic examination of the fallopian tube mass revealed a mul- 
tifocal tumor with the distinctive appearance of SCTAT, corresponding 
to the nodules that had been noted grossly. Many, but not all, of the 
characteristic epithelial nests, which were composed of ring-shaped tubules 
encircling hyalinized basement PL IE material, in the lesion 
were intimately intermixed with foci of endometriosis (Fig. 1). Histologic 
continuity between areas of SCTAT and endometriotic stroma was noted; 
however, there was no direct continuity or merging of tumor nests and 
endometriotic glands (Fig. 2). The lesion closely approached, but was 
not continuous with, the overlying peritoneum. The serosa was composed 
of an intact layer of mesothelial cells with focal reactive change. Multiple 
foci of entrapped mesothelium also were present near the overlying peri- 
toneal surface. | | 

No evidence of SCTAT was identified in either the left ovary or left 
fallopian tube, which were examined histologically in their entirety. Mi- 
croscopic examination of the uterus was unremarkable, except for mild 
dysplasia and endometriosis of the uterine cervix. Histologic material 
from the previous oophorectomy was available for review, and it showed 
a mucinous cystadenoma. In multiple sections of the latter specimen, 
there was no evidence of SCT a 


DISCUSSION 


The fallopian tube tumor described here represents, to 
the best of our knowledge; the second example of an extra- 


260 ANATOMIC PATHOLOGY 





Single Case Reports 





FiG. 1 (upper). Sex cord tumor with annular tubules, intimately intermixed with endometriosis. Clustered nests of columnar cells are arranged in a 
complex ring-like or annular pattern around central hyaline material. Typical glands and stroma of endometriosis are distributed randomly among 
the nests of SCTAT. Hematoxylin and eosin (X50). 


FiG. 2 (/ower). The distinctive histologic features of sex cord tumor with annular tubules are evident in this high-power photograph. The tumor nest 
approaches very close to the gland of endometriosis. Hematoxylin and eosin (X 100). 
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ovarian SCTAT. The previously reported case was that 
of an incidentally discovered lesion in a ventral hernia 
sac of a 66-year-old woman without PJS.'? 

In our case, the possibility of metastasis from a primary 
ovarian neoplasm must be considered. Histologic review 
of the material from the ovary removed nine years pre- 
viously revealed a mucinous cystadenoma as the only ab- 
normality. Although we cannot exclude the possibility of 
microscopic foct of SCTAT having being missed in this 
specimen, we believe that this is unlikely. The association 
of SCTAT with mucinous cystadenoma is a rare event, 
which has been described only in patients with PJS.*'!! 
Also against the hypothesis that the tubal tumor may rep- 
resent a metastasis is the long interval of time between 
the original oophorectomy and the recent surgery. Fur- 
thermore, if a malignant SCTAT had been present in the 
right ovary, one would have expected an extensive tumor 
burden currently. Finally, it would seem most unusual 
for a neoplasm to metastasize exclusively to a focus of 
endometriosis. We have seen malignancies that spread to 
an area of endometriosis, but they usually occurred as 
part of widespread dissemination. 

Granulosa cell tumor or Sertoli-cell tumor constitute, 
in many cases, a prominent conjoint component with 
SCTAT, 5101? suggesting a potentially shared origin for 
these lesions." Immunohistochemical studies have 
shown that SCTAT, as well as granulosa cell and Sertoli- 
cell tumors, can be reactive for keratin and vimentin.!? 
At present, SCTAT is regarded as a distinctive sex-cord- 
stromal tumor with the potential for bidirectional differ- 
entiation. 

The existence of two cases of SCTAT that appear to 
have arisen outside the ovary necessarily elicits consid- 
erations of the origin of these tumors, and consequently, 
of the derivation of the ovarian sex cords. Whereas it is 
widely accepted that primitive germ cells migrate to the 
gonads from the yolk sac, the origin of the sex cords that 
invest the germ cells within the gonad is less certain. Clas- 
sic theory holds that the “germinal epithelium" (coelomic 
epithelium), which covers the ovarian surface, grows in- 
ward to surround the germ cells. There may be one or 
two “sproutings” in this process.!?-?! The sex cords would 
thereby originate from the “germinal epithelium." The 
currently favored hypothesis suggests that the germ cells 
induce sex cord differentiation in the ovarian mesenchyme 
that surrounds them. Therefore, the coelomic epithelium 
would not be involved in the formation of the sex 
cords.?'?? If one accepts the first of these theories, it can 
be postulated that the coelomic epithelium could give rise 
to a sex-cord-type tumor in adults. Thus, this case and 
the one reported by Baron and colleagues may have had 
their origins de novo in the coelomic epithelium. 

It also is remarkable that in our case, foci of endome- 


triosis were intimately admixed with the neoplastic pro- 
liferation. Because the most accepted theory for the origin 
of peritoneal pelvic endometriosis proposes that the pelvic 
mesothelium undergoes miillerian metaplasia into en- 


dometrial-type tissue, it is|possible that both the SCTAT 


and the adjacent endometriosis may have originated from 
the coelomic epithelium. | 

Other examples of extra-ovarian sex cord tumors have 
been described, but these were all pure granulosa cell tu- 


mors. These cases have been interpreted by the authors 


. 5 * | . bd — 
as arising from ectopic ovarian tissue??? 


Another alternative that needs to be considered is that 
the tumor we have described represents an example of 
so-called sex cord-like tumor arising within a focus of 
endometriosis. Examples ofthis entity have been described - 
by Clement and Scully% in the uterus, either in a pure 
form (type II) or in association with endometrial stromal 


sarcoma (type I). Young and colleagues” have described 
nests of cells that simulate ‘ovarian sex cord elements in 
seven cases of stromal sarcoma of the ovary. In uterine 
and ovarian sex-cord-like neoplasms, the constituent cells 


usually are arranged in cords and tubule-like structures, 
simulating Sertoli-cell tumor and granulosa cell tumor. 
However, they do not appear to be able to form structures 
that are similar to the characteristic ring-shaped tubules 
of SCTAT. Immunohistochemistry is not useful in dis- 


tinguishing sex cord tumor (and, in particular, SCTAT) 
from sex-cord-like tumor because both are positive for 


| 
keratin and vimentin.!9?? 
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An Autopsy Case of I-Cell Disease 


Ultrastructural and Biochemical Analyses 


HIROYUKI KITAGAWA, JUNKO TOKI, TADANOBU MORIMOTO, TADAYOSHI OKUMURA, 
KUNIHIKO SAITOH, HIROHIKO HIGASHINO, TSUGIO HORII, 
YOHNOSUKE KOBAYASHI, AND SUSUMU IKEHARA, M.D. 


An autopsy case of I-cell disease in a 4-year-old Japanese girl 
is presented. In this report, the authors analyze the relationship 
between morphologic (including electron microscopic) and bio- 
chemical findings. Lymph node, spleen, and kidney, which were 
Stained with Hale’s colloidal iron method, contained large 


amounts of hexosamine. These substances had accumulated in 
lymphocytes of B-cell lineage. (Key words: Metabolic storage 
diseases; Lysosomal disorders; Mucolipidoses) Am J Clin Pathol 
1991:96:262-266 





I-cell disease (mucolipidosis II), a rare metabolic disorder. 
was first described in 1967 by Leroy and DeMars.! They 
noted coarse cytoplasmic inclusions in fibroblasts cultured 
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from the skin of an affected child. I-cell disease is char- 
acterized by intracellular lysosomal enzyme deficiencies 
leading to accumulation of UDP-Glc-NAc, a substrate of 
the enzyme Glc-NAc-1-P transferase.” The latter catalyst 
is required for the transport of acid hydrolases into ly- 
sosomes but is defective in I-cell disease. Biochemical 
analyses of affected tissues have revealed an accumulation 
of mucopolysaccharides.? lipids, and oligosaccharides.^* 
Histopathologic studies have demonstrated that the most 
consistently affected cells include fibroblasts, pericytes, 
endothelial cells, spinal anterior horn cells, Schwann's 
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cells, renal podocytes, and renal tubular cells.^"? Clini- 
cally, I-cell disease resembles Hurler syndrome and is 
manifested by growth and psychomotor retardation, 
coarse facial features, and severe skeletal changes. The 
pathogenesis of I-cell disease is not fully understood. This 
report describes the autopsy findings in a 4-year-old girl 
with I-cell disease. Special reference 1s made to ultrastruc- 
tural and biochemical analyses. 


REPORT OF A CASE 


A 2-month-old girl, who had been born by normal delivery at 40 
weeks’ gestation, was. brought to the doctor because of “feeble crying." 
Biochemical analyses revealed that serum concentrations of lysosomal 
enzymes (excluding beta-glucosidase) were remarkably high. Chest 
roentgenograms showed oar-shaped deformities of the ribs, scoliosis, and 
abnormalities of the spinal column. Psychomotor retardation was con- 
spicuous. These findings strongly suggested a diagnosis of I-cell disease, 
although cutaneous fibroblasts were not cultured for the identification 
of cytoplasmic inclusions. She experienced repeated respiratory infections 
and underwent home oxygen therapy because of chronic respiratory fail- 
ure. The child died of respiratory failure on March 31, 1988. 

Consanguinity did not exist in the family, and the child's mother had 
no history of stillbirths. The patient was her fourth child. The first child 
died of respiratory failure 23 days after birth, and the second and third 
children are healthy with no psychomotor retardation. There is no history 
of I-cell disease on either the maternal or paternal sides of the family. 


IMMUNOHISTOCHEMICAL AND 
HISTOPATHOLOGIC FINDINGS 


Pertinent histologic:and immunohistologic findings at 
autopsy were found in several organs and are described 
here. 


Spleen 


Histiocytes in the marginal zone of the splenic paren- 
chyma were remarkably swollen and stained with Hale’s 
colloidal iron method (Fig. 14). The cytoplasm of resident 
lymphocytes also was colloidal iron-positive but less 
markedly so. 


Lymph Nodes 


Lymphocytes in the cortical follicles were labeled by 
Hale’s colloidal iron (Fig. 1B). These cells were found to 
be B lymphocytes by immunohistochemical studies using 
a monoclonal antibody against a CD22 antigen (DAK- 
OPTTS A/S Copenhagen, Denmark). 


Thymus 


Thymocytes also were stained with Hale’s colloidal iron 
(Fig. 1C), although the reaction was weak. There were no 
abnormalities in the thymic epithelium. 


Heart 


Fibroblasts in the myocardial interstices were stained 
with Hale’s colloidal iron. The myocytes showed no in- 
clusions in the cytoplasm. 


Kidney 


Epithelial cells (but not} mesangial cells or endothelial 
cells) of the glomeruli were vacuolated and stained with 
Hale’s colloidal iron technique (Fig. 2). 


Other Organs 


There were no significant changes in other organs, ex- 
cept for the lungs. They Showed organized and acute 
pneumonia, representing the immediate cause of death. 


| 


ULTRASTRUCTURAL EXAMINATION 


Small pieces of several organs were fixed in 2% glutar- 
aldehyde containing 0.1 M phosphate buffer (pH 7.4), 
followed by immersion in 'osmium tetroxide. After de- 
hydration with graded etlianols, they were embedded in 
Spurr low-velocity embedding media (Polysciences Inc., 
Warrington, PA). Ultrathin, sections were cut on a Porter- 
Blum ultramicrotome (Sorvall Inc., Connecticut) and ob- 
served with a Hitachi H-600° electron microscope (Hi- 
tachi, Ibaragi, Japan) after counter-staining with uranyl 
acetate and lead citrate. | 

Splenic lymphocytes contained cytoplasmic vacuoles 
of varying sizes, as did lymph node lymphocytes. The 
latter were identified as B|cells because of an abundance 
of rough endoplasmic reticulum (Fig. 34). Thymocytes 
likewise were vacuolated; also, in contrast to light micro- 
scopic findings, the thymid epithelium was found to harbor 
inclusions (Fig. 3B). Fibroblasts of the myocardial stroma, 
renal podocytes, hepatic Kupffer’s cells, and acinar pan- 
creatic epithelium also exhibited the presence of cyto- 
plasmic vacuoles. 


BIOCHEMICAL ANALYSIS 


Tissue or organs (0.2-0.4 g wet weight) that had been 
stored at —80 °C were thawed and washed with saline at 
room temperature. The samples were then homogenized 
immediately on ice, using an Ultra Turrax T-25° (Jankel 
and Kunkel, Stanfen, Germany) twice for 1 minute with 
4 mL of 0.01 M phosphate-0. 15 M NaCl buffer (pH 7.4). 
Aliquots of the homogenate were used to determine pro- 
tein concentration and phospholipid content. The protein 
concentration was measured by the method of Lowry and 
colleagues, '? using bovine serum albumin as a standard. 
To measure phospholipid content, the homogenate (1 mL) 
was extracted using the | method of Bligh and Dyer.!! 
Chloroform (1.25 mL) and methanol (2.5 mL) were added 
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FIG. 1. A (upper, left). Splenic histiocytes stained with colloidal iron. 


FiG. 1. B (upper, right). Lymphocytes and histiocytes in the lymphoid follicles stained with colloidal iron. 


Fic. 1. C (lower, left). Thymocytes as well as epithelial cells showing weak positive staining with colloidal iron 


FiG. 2 (lower, right). Swollen epithelial cells of the renal glomerulus stained with colloidal iron. 
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FIG. 3. A (lefi). Lymph node B cells with many vacuoles in the cytoplasm. B (right). Thymocytes and epithelial cells with vacuoles in the cytoplasn 


to the homogenate, mixed, and centrifuged (1,600 X g ^ as standards, respectively. In the latter method, the su- 
for 5 minutes). The supernatant was mixed with chloro- pernatant was pretreated with 2 N HCl at 100 °C for 15 
form (1.25 mL) and methanol (1.25 mL), and centrifuged. hours and used for the assay. As shown in Table 1, the 
The resulting chloroform layer was dried using nitrogen, amounts of tissue hexosamine were highest in the lymph 
and the lipid-phosphorus content was determined using nodes, spleen, and kidney. 

the method of Bartlett." The residual homogenate was 


centrifuged (10,000 X g for 15 minutes). According to the DISCUSSION 
Orcinol-H5;SO,-reaction and Elson-Morgan reaction, '^ Hasilik and Neufeld'*'® found that cultured skin fibro- 
the neutral sugar and amino sugar contents of the super- blasts from patients with I-cell disease showed increased 


natant were determined, using glucose and glucosamine activity of three lysosomal enzymes (8-hexosaminidasce., 


TABLE 1. CHEMICAL CONTENTS OF ORGANS IN I-CELL DISEASE 


i MM HMM TTT 














Hexose (umol) Hexosamien (umol) 
Phospholipid 

/g /Phospholipid /g /Phospholipid (protein) Phospholipid Protein 

Organ (w.w.) (umol) /mg protein (w.w.) (umol) /mg protein (umol/mqg) (umol/@) (mg/g) 
Muscle 4.23 0.4 0.03 1.84 0.20 0.01 0.07 9.0€ 129 
Cardiac muscle 1.53 0 0.01 4.30 0.17 0.03 0.20 25.5 127 
Thymus 1.50 0.2 0.02 2.89 0.39 0.03 0.08 1.34 97. 
Lymphnode 2.33 0.1 0.02 S72 0.39 0.06 0.15 14.5 95 
Liver 2.11 0 0.02 4.03 0.11 0.03 0.24 33.1 149 
Spleen 2.91 0.1 0.03 6.84 0.35 0.08 0.22 19.5 90 
Kidney 2.01 0 0.02 6.85 0.32 0.06 0.17 21.3 123 





w.w.: Wet weight. 
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a-glucosidase, and cathepsin D) in the culture medium. 
In addition, they observed that the enzymes were not 
phosphorylated, indicating defective “recognition mark- 
ers” in these lysosomal catalysts. Glycoprotein metabolism 
presumably is inhibited because of low activity of such 
enzymes in I-cell disease. 

Biochemical analyses in the present case revealed that 
hexosamine was abundant in the lymph nodes, spleen, 
and kidney (Table 1). It is well-known that peripheral 
lymphocytes in I-cell disease contain prominent intra- 
cytoplasmic vacuoles. In the present case, many lympho- 
cytes in the thymus, spleen, and lymphoid follicles of the 
lymph nodes were labeled with Hale’s colloidal iron. In 
the spleen, intracytoplasmic vacuoles have been detected 
in reticuloendothelial cells, cells in germinal centers, the 
adventitial cells of blood vessels, and sinus histiocytes. 
Macrophages stained with Hale’s colloidal iron were ob- 
served in the spleen in our case, but there were fewer 
positive lymphocytes. In the lymph nodes, many lym- 
phocytes were stained. 

Using an immunohistochemical technique, we found 
that the colloidal iron-positive lymphocytes in the ger- 
minal centers were B lymphocytes. Vacuole formation 
was recognized ultrastructurally in organelles that we be- 
lieved to be mitochondria. The same findings were noted 
in plasma cells, which have abundant endoplasmic retic- 
ulum. In the thymus, epithelial cells showed multiple 
vacuoles, whereas thymocytes had few. It should be noted 
that the substances that were stained with Hale’s colloidal 
iron had accumulated in lymphocytes of B-cell lineage 
rather than in those of T-cell lineage. At present, the 
mechanisms and implications of this phenomenon are 
unknown and merit further study. 


Acknowledgments. The authors thank K. Higuchi, Y. Umeda, and Y. 
Shinno for their technical assistance and S. Ohya, and T. Iba for their 
help in preparation of the manuscript. 
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Assuring Continued Competence 
Is Recertification the Way? 


ROBERT W. McKENNA, M.D.,' GEORGE D. LUNDBERG, m Ts 
JOYCE NUZZO, MT(ASCP)? AND DAVID E. SMITH, MID." 


The American Society of Clinical Pathologists conducted 
the second of its series of invitational conferences* on 
current concerns of the profession at Colorado Springs, 
Colorado, May 4-6, 1990.! The theme was Assuring 
Continued Competence, and a challenging question con- 
cerned whether there should be a recertification program 
in pathology. 

Almost 20 years previously, the American Board of 
Family Practice was approved by the American Board of 
Medical Specialties (ABMS) with a provision that all cer- 
tifications would be for a limited period of time and in- 
dividuals would have to renew their certifications peri- 
odically. The American Board of Pathology (ABP), in 
concert with a number of other boards, explored the issue 
in the early 1970s and was authorized by the ABMS to 
initiate a program of recertification. After further con- 
sultation with its constituents and supporting societies, 
the ABP suspended plans for a program, although the 
topic has repeatedly surfaced in its deliberations. Lately, 
societal and legal attitudes and activities by the federal 
government and the state of New York, among others, 
have intensified general concern about the topic. 

Invitations to the conference were extended to officers 
of national and state pathology societies, departmental 
chairmen and program directors of medical schools and 
teaching hospitals, officers of the ASCP, persons known 
to be involved in setting credentials and certification of 
pathologists, and other individuals recognized to be in- 
terested in the topic. Participation in the various stages 
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of the conference varied slightly, but of the 143 individuals 
who responded to a demographic survey, 91% were phy- 
sicians; 56% were younger than 55 years; 77% were cer- 
tified in anatomic pathology/clinical pathology; 68% 
identified their type of employment as “service labora- 
tory"; 53% worked in university or university-affiliated 
hospitals and 29% in Sb GA hospitals? The final 
group of participants supplied a broad base of opinion 











what self-selected leaders of clinical pathology in the 
United States. 


ORGANIZATION OF THE CONFERENCE 


To extract a maximum amount of information from 
the participants, the Program and Planning Committees* 
decided to employ two group techniques to achieve max- 
imal results: the Delphi and the Nominal Group processes, 
The Delphi would sample opinions held before, during, 
and at the end of the conference. The Nominal Group 
would be used to generate|ideas that could be shared with 
the full conference group! and that might clarify and in- 


fluence the evolution of opinions during the conference. 


Both techniques’? would allow the expression of opinion 


and position by every individual and would yield a sort 
of quantitative expression of the values placed by the 


group or subgroups on particular ideas. Four iterations 
were executed for the Delphi, which was composed of 95 
items that were not changed during its course. The Nom- 


* The Conference officers and members of planning and program 
committees were: George D. Lundberg, Chicago, Illinois; Robert W. 
McKenna, Dallas, Texas; Karen M. Ireland, Portland, Oregon; David 
E. Smith, Galveston, Texas; Anna R. Graham, Tucson, Arizona; M. 
Desmond Burke, Stony Brook, New York; William T. Lockard, Jr., Bos- 
ton, Massachusetts; Murray R. Abell, Tampa, Florida; Charles Hirsch, 
New York, New York; Nathan Kaufman, Augusta, Georgia; Jack M. 
Layton, Tucson, Arizona; John M. Matsen, Salt Lake City, Utah; John 
C. Neff, Columbus, Ohio; Pau! Q. Raslavicus, Boston, Massachusetts; 
Howard M. Rawnsley, Hanover, New Hampshire; Jerald R. Schenken, 
Omaha, Nebraska; Joyce M. Nuzzo and George F. Stevenson, Chicago, 
Illinois. 


268 AWARD ARTICLES AND SPECIAL REPORTS 
Special Report 


inal Groups were constituted so as to accommodate the 
large attendance and were compressed within time sched- 
ules that somewhat inhibited the extended exploration of 
meanings and congruences. 

Most of the attendees seemed to have had some ex- 
perience with the Delphi technique but little with the 
Nominal Group. Several expressed discomfort with the 
restrictions of free and unlimited expression during 
Nominal Group sessions; nevertheless, participation was 
at least complaisant if not enthusiastic. 

Four iterations of the Delphi were performed: two be- 
fore the conference began, a third after most of the plenary 
addresses and participation in the Nominal Group pro- 
cedures, and a final after a concluding session of free dis- 
cussion. Each participant took part in two Nominal 
Groups that addressed topics related to the announced 
objectives of the conference. 


PLENARY ADDRESSES AND DISCUSSIONS 


Dr. George D. Lundberg opened the presentations by 
emphasizing the increased criticism from the literary me- 
dia and public that addressed the medical profession in 
general and pathology in particular. He offered a quota- 
tion: “For better or worse, for richer or poorer, in sickness 
and in health, 'til death do us part,” and asked if that 
familiar statement describes modern American marriage. 
“Certainly not. Approximately 50% of such end in di- 
vorce, often very early. What it does describe is licensure 
to practice medicine and surgery in nearly any of these 
United States and certification by the ABP after entry- 
level examination—lifelong and forever. Should that be?" 
He went on to emphasize current reactions to defects in 
laboratory performances and legislative and regulatory 
invasions of the practice of pathology, particularly the 
Health Care Financing Administration’s plans regarding 
cytopathology. 

In consideration of the nature of competence, Dr. David 
Smith emphasized that its most significant measurement 
was by surveillance and evaluation of its manifestations 
(i.e, performance), over time rather than in episodic 
mechanized tests of knowledge. Although the latter un- 
doubtedly are the most efficient measurement tools avail- 
able and are appropriate for entry-level qualification, they 
are deficient in relevance and inherently weak for predic- 
tive validity of actual practice. Nevertheless, a recreden- 
tialing program, based on evaluating performance rather 
than by a challenge examination, would require a con- 
siderable effort at education of the public and particularly 
of politicians, who are most likely to make the determi- 
native decisions regarding its implementation. 

Since the conference the description of a plan for pe- 
riodic physician recredentialing that is being developed 


in New York has been published. It proposes prospective, 
not retrospective, evaluation by peers of compliance with 
defined standards of practice.* 

Of the 23 primary specialty certifying boards of the 
ABMS, 19 have approved programs for recertification, 
and 17 of these place time limitations on the validity of 
all newly issued certificates. No board imposes mandatory 
recertification on diplomates who have been issued an 
originally unlimited certificate. The program of the ABP 
is largely inactive. It has provided new certificates only to 
diplomates who needed such for licensure by endorsement 
because of requirements by several states that prior ex- 
amination be no earlier than a specified number of years. 
These new certificates were issued to candidates taking 
and passing a current primary certification examination. 
To date, all pathologists who have had to use this route 
have been successful. The requirement that a cognitive 
examination be included in any recertification procedure 
was made a condition for approval of the program by the 
ABMS after rejection in 1977 of a proposal based on eval- 
uation of manifestations of competence without repetition 
of a knowledge examination. 

Dr. Jack P. Strong, president of the American Board 
of Pathology in 1990, described several consensus state- 
ments of the Board: 


l. The American Board of Pathology is the only body 
authorized by the ABMS to certify pathologists and 
thus the only body that can recertify these pathologists. 

. Recertification of pathologists can be available only to 
holders of primary certification certificates. Initial en- 
deavors in recertification should be restricted to the 
area of primary certification. 

3. The American Board of Pathology has a responsibility 

to its diplomates who desire recertification. 

4. The process of recertification must be educational and 
meaningful. 

5. Continuing medical education and practice assessment 
should be major components of any recertification 
process. 

6. The ABP should not be involved in recredentialing 
noncertified pathologists. Other pathways should be 
used. 


to 


In addition, the Board cannot require that holders of 
its certificates be recertified. 
He further presented the following policy statements: 


1. The American Board of Pathology opposes time-lim- 
ited and mandatory recertification. 

2. The American Board of Pathology approves the con- 
cept of voluntary recertification as one pathway for the 
recredentialing of competence. 

3. Voluntary recertification for the holder of a primary 
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certificate may be accomplished by some combination 
of continuing medical education, assessment of prac- 
tice performance, a cognitive examination, and pos- 
sibly other approaches. 

4. The American Board of Pathology will not supply lists 
of recertified pathologists for publication. 


Dr. Harris B. Graves, past president and the current 
chairman of the Recertification Committee of the Amer- 
ican Board of Emergency Medicine described how that 
Board has worked with an established academic testing 
group and is now in the process of developing a recerti- 
fication procedure. In both the certification and recerti- 
fication procedures there is a strong effort to evaluate the 
manifestations, as well as the elements, of competence. 
Chart Stimulated Recall (CSR), an evaluative procedure 
that uses an examinee’s actual cases, is an innovative ap- 
proach. Several varieties of written examination (at-home, 
closed- and open-book, and domain-specific) have been 
employed in field tests and have proved reliable and valid, 
as has the CSR. Certification scores are strong predictors 
of recertification scores, with 7% gaining points, 7% losing 
points, and 95% passing. This experience with the pre- 
dictive value of the original certification scores was par- 
ticularly intriguing to the participants in the conference. 

The process by which the American Board of Anes- 
thesiology and the American Society of Anesthesiologists 
is developing a program for assuring continued compe- 
tence was described by Dr. D. David Glass. Its goal is a 
voluntary program that will be referred to as “Continued 
Demonstration of Qualifications” (CDQ). The approach 
is based philosophically on a concept that their primary 
certification is for consultant-level qualifications and not 
minimal competence, which does little to meet the needs 
and problems of uncertified practitioners. Because of the 
inherent character of the practice of anesthesiology, strong 
emphasis is placed on personal behaviors, especially in 
relation to chemical dependency. 

The development of the National Practitioner Data 
Bank was described. Information regarding specialty cer- 
tification is not included, but inclusion of reports from 
specialty boards on revocation of certificates (not failure 
on examinations) could grant the boards legal immunity 
in disciplinary actions involving diplomates. 

The Federation of State Medical Boards operates an 
extensive central file on disciplinary actions by its com- 
ponent boards. This embraces large numbers of problem 
. physicians. The approach considered realistic is to focus 
on the deficient individuals and sharpen methods of de- 
tecting, correcting, and rehabilitating them, rather than 
subjecting the vast majority of competent physicians to 
. exercises for confirmation of the manifestations of com- 
petence they regularly practice. 


From a legal standpoint, certification by voluntary or- 
ganizations within the profession has led a charmed life, 
but challenge under the antitrust laws, which are exclu- 
sively interested in fostering competition, has always been 
possible and very likely would be encouraged if a recer- 
tification procedure were to take away important work 
credentials from practicing physicians. The crucial item 
is the detection of and dealing with incompetent physi- 
cians, not the assurance ofi continuing competency among 
those who are practicing competently. Due process pro- 
cedures must be followed. It will be important to find 
liability protection for those who are responsible for judg- 
ments in any program of mandatory recertification. Vol- 
untary recertification eventually would be required de 
facto by credential committees and under insurance pay- 
ment schemes, just as primary certification has become 
so essential for first-class practice opportunities. 

- Dr. Jerald R. Schenken raised questions as to whether 
the system was broken and in need of fixing. Pathology 
already has more programs by national societies that sur- 
vey and accredit practice and give continuing education 
to pathologists than does any other specialty. May not 
the problem be in convincing others that such are, or with 
improvements can be, the best way to assure continuing 
competence through consideration of its manifestations? 
The cost, in the time and effort of professionals, as well 
as out-of-pocket expenditures, for participation in present 
programs is considerable; The effective cost of continuing 
education for family physicians attending the review 
course at the University of Nebraska is on the order of 
$10,000-15,000 for a six-year cycle of recertification. 
These expenses inevitably'are reflected in increased costs 
of medical care. With programs of rationing medical care 
on a cost basis being considered in Oregon and by other 
governmental agencies, employers, and insurers, can the 
profession in good conscience add more expenditures in 
the name of predictive validity that is unproven, if not 
impossible? . 

The most challenging and fundamentally innovative 
concept presented during discussions implied that the 
problem before the conference should be the detection 
and correction of incompetence rather than the assessment 
of continuing competence. Dr. George Stevenson pointed 


_ out that physicians in the United States are almost unique 


in their concern with the reaffirmation of their compe- 
tence. Elsewhere credentials, once obtained, are assumed 
to indicate competence unless individuals disqualify 
themselves. The detection of incompetence, however, 
cannot be expected by employing the approaches used to 
maintain or demonstrate competence, especially since 
unknown hundreds of pathologists practice without ever 
having passed the ABP’s examination. Entirely new 
methods should be i 
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In the plenary addresses it was mentioned that present 
evaluations of the elements of competence are based on 
examinations that objectively demonstrate incompetence 
at the time of the examination and, despite many aspi- 
rations to the contrary, can never reach absolute. or even 
very statistically satisfactory, predictive validity for future 
expressions of the manifestations of competence. 

The licensing boards, dealing with the large numbers 
of impaired and otherwise incompetent physicians, ap- 
proach their responsibilities by focusing on the deficient. 
rather than the effective, practitioner. Several speakers 
asserted that the “outliers,” or the uncertified pathologist, 
or the pathologist who does not participate in various 
quality assurance activities of professional societies are 
likely the most important concern. The responsibilities 
of any program to eliminate the incompetent practitioner 
are serious and raise the specter of liability for restraint 
of trade, but protection for persons who assume such re- 
sponsibility has been developed in the areas of peer review 
organizations and the National Practitioner Data Bank. 

Discussions also involved a considerable interest in the 
report of the American Board of Emergency Medicine 
that performance on the original certification was the best 
predictor of performance on recertification. It was sug- 
gested that at some score on the original process the ex- 
aminee might be given an unlimited certification. whereas 
those with lower scores would receive time-limited cer- 
tificates. 

Other comments during discussion periods, particularly 
those following the reports of Nominal Group section 
leaders and some of the plenary addresses, were appro- 
priate extensions of the topics of those reports and ad- 
dresses. Concern with the uncertified practitioners, the 
pathologists who do not participate in activities of the 
societies, and the otherwise impaired pathologists was ex- 
pressed and emphasized as a problem. There were varied 
comments and estimates regarding the numbers of such 
individuals, with the possibility of there being 3,500 or 
more. Mandatory recertification, in addition to being 
generally rejected by the audience, was recognized as a 
particularly impossible problem in dealing with most such 
individuals. 

Several speakers presented resolutions or surveys, for- 
mal and informal, from pathology societies or groups that 
expressed strong opposition to any form of recertification. 
although some added qualifications that should be sought 
if a process were imposed. Nevertheless, participant Opin- 
ion as expressed in the Delphi, somewhat in contrast to 
the speeches in the discussions, remained at about a two- 
thirds majority considering recertification as a good thing 
and was 95% for acceptance of voluntary recertification, 
with a strong recommendation to the ABP to initiate a 
program. 


The limitations on free early discussion imposed by use 
of the group techniques for most of the conference were 
criticized. Concern that numerically expresséd outcomes 
would be considered binding resolutions were expressed. 
although others emphasized that the techniques were for 
the broad elicitation of ideas and opinions from each in- 
dividual participant. 


PREPONDERANT OPINIONS 
FROM THE DELPHI 


Because of the size and nature of the audience it was 
necessary to modify slightly the usual protocol for the 
Delphi technique. The roster of participants was com- 
pleted shortly before the beginning of the conference, so 
it was not possible that all could participate in generation 
of the questions of the Delphi. Instead, members of a 
select committee composed 95 questions that they be- 
lieved would allow all to express their positions regarding 
many facets of the objectives of the conference and would 
provide intellectual stimulation. Subjects and responses 
ranged from 100% acceptance (marred by only one un- 
decided vote) for, “If recertification comes to exist for 
pathologists in the United States, multiple pathways 
should be available in order to fit the varied practice pat- 
terns of pathologists,” to 89% rejection (77% strongly so) 
with 7% no opinion expressed regarding a whimsical quo- 
tation from George Bernard Shaw, “All professions are a 
conspiracy against the public." 

The numbers of registrants that participated in the four 
repetitions of the Delphi are shown in Table 1. 

The four passes displayed a gradual solidification of 
opinion without dramatic shifts. The average No Opinion 
vote fell from 6.0% in the first trial to 2.7% in the last. 
Items approved or disapproved by 85% or more progressed 
from 15 to 45, while those that were approved or disap- 
proved by between 40% and 60% of participants fell from 
30 to 11 (Table 2). Only one item changed from approval 
to disapproval and three from disapproval to approval by 
the majority. None of those moved into the 8596 category. 

A detailed rating scale analysis was performed to dem- 
onstrate the strength of acceptance or rejection and to 
compare overall patterns of change for each item, the latter 
calculation reflecting achievement of consensus (ME 
Lunz, summary report of the Delphi study). This made 


TABLE 1. NUMBERS OF REGISTRANTS THAT 
PARTICIPATED IN THE FOUR REPETITIONS 
OF THE DELPHI 





Iteration Number Responding 
l 136 
2 119 
3 116 
4 109 


EEE 
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TABLE 2. CHANGES IN DELPHI RESULTS 
THROUGH FOUR REPETITITIONS 


Delphi Results Pass1 Pass2  Pass3  Pass4 
Number of items approved or 
disapproved by 85% 15 31 37 45 
Number of items approved or 
disapproved by 40-60% 30 17 14 11 


Average "No Opinion” per item 6.0% 3.696 2.8% ^ 2.7% 


it clear that most participants felt that: (1) pathology so- 


cieties should provide courses and publications to assist 
practicing pathologists, (2) if recértification were required, 
sought and failed, redemptive educational programs to 
encourage achievement of recertification should be avail- 
able, and (3) multiple pathways for recertification to fit 
varied practice patterns should be available. 

The attributes of recertification most approved were: 


1. any recertification, should include a practice compo- 
nent; 

2. it should be tested on a trial basis to determine its 
effect before it is implemented; 

3. the cost should not exceed the cost of initial certifi- 
cation; | 

4. costs should be paid by the individual physician 
through fees. | 


Acceptable pathways to recertification in order of pref- 
 erence were: (1) continuing education courses; (2) labo- 
ratory accreditation results; (3) examinations in specialty 
areas; (4) evidence of performance on surveys; (5) audits 
of selected cases or charts; (6) evidence of patients' out- 
‘comes; (7) results of proficiency surveys; and (8) evidence 
of professional liabilities or malpractice actions. Retaking 
the initial American Board of Pathology examination as 
a method of recertification was disapproved by most par- 
ticipants. | | 
Analysis of the magnitude and direction of change for 
various items provided insight into the extent of devel- 
oping consensus and the effects of the course of the meet- 
ing and of the Delphi. The five questions that showed by 
weighted analysis the most significant gains in approval 
were: | 


1. Some reasonable method to assess the behavioral/al- 
cohol/other drug-impairment aspects of pathologists’ 
practice performance should be developed and applied 
in both relicensure and recertification. 

2. Any recertification process should be implemented on 
a trial/study basis only, until data have accumulated 
to determine whether it has had an impact on patient 
care. 

3. The cost of recertification should not exceed the current 
cost of certification. 


4. Recertification should| include a practice assessment 

, component. | 

5. If relicensure or rec tification becomes required, 
professional pathology societies should provide courses 
and publications in a deliberate and organized effort 


to assist the practicing pathologist in this effort. 


The five items that exhibited the most significantly in- 
creased disapproval, with|the greatest listed first, were: 


1. All professions are a conspiracy against the public, as 
George Bernard Shaw alleged. 

2. Neither initial board certification nor state licensure 
nor subsequent recertification nor relicensure are nec- 
essary. 

3. A free marketplace should evaluate professional com- 
petence and let the buyer (patient) beware. 

4. Recertification of pathologists would improve patient 
care in the United States. 

5. State Boards of Medical Examiners should limit licen- 
ses to specific areas of physician training/specialty/in- 
terests or expertise. 


CONCLUSION 


Results of the Delphi and Nominal Group techniques, 
as well as summaries ofi the plenary addresses and dis- 
cussions, have been published in extended form.’ In gen- 
eral, there was a consolidation and intensification of sup- 
port or rejection of various ideas, but no substantial re- 
versals occurred. It was hoteworthy that, although there 
was much spontaneous reluctance to accept the term “re- 
certification,” the concept of assuring continuing com- 
petence was supported and most technical suggestions for 
its implementation were recognized as possibly appro- 
priate in one or another application. 

The most strongly supported ideas were: 


1. A voluntary, and not a mandatory, recertification pro- 
gram should be made available by the American Board 
of Pathology. 

2. Any contemplated recertification program should give 
primary attention to the manifestations of competence 

. by use of practice surveys, laboratory accreditation, 
etc. . l 

3. Any contemplated recertification program should be 
adjusted for the variety in the manifestations of com- 
petency practiced by pathologists. 

4. Pathology societies should develop and offer educa- 
tional programs that| would prepare a pathologist for 
recertification or aid the correction of deficiencies re- 
vealed during recertification. 

5. Some reasonable method to assess the performance of 
impaired pathologists should be developed and applied 
in any contemplated) relicensure or recertification. 
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ADDENDUM 


The ASCP Board of Directors adopted the following 
policy at its meeting June 23, 1990.5 p 








Preamble | | 
The role of | pathologist recertification in assuring con- 
. tinued Babel viera in the practice of pathology is contro- 
versial. The subject has been debated for several years in 
‘various pathology organizations including the American 
Society of Clinical Pathologists (ASCP). A consensus po- 
-sition on recertification has not evolved. Presently there 
is no formal o program available for pathol- 
ogists in the United States. In this respect, pathology stands 
with only fivelother members of the American Board of 
_ Medical Specialties. Seventeen specialty Boards presently 
.- Offer some form of recertification process for their dip- 
lomates, although there are no convincing data to dem- 
onstrate that recertification improves medical practice. 
The ASCP Board of Directors is rightfully interested 
in the issue of recertification since we are primarily an 
educational association concerned with the continuing 
- education of pathologists and advancing the quality of 
: practice of pathology and laboratory medicine in America. 
Assurance of competence in pathology practice is inherent 
in the mission! statement of the ASCP. 
Although there are presently no legislative mandates 
 .nor state medical board requirements for specialty recer- 
' tification, there are several factors that have influenced 
the Society's decision to develop a policy statement. These 
include: | 


]. Present requirements for initial licensure in some states: 


that include documentation of recent success in passing 
a specialty board or FLEX examination. 

2. Potential i state licensure requirements for periodic 
recertification. | 
3. Potential for a recertification requirement for reim- 

bursement for pathology professional services from 
Medicare and other third-party payers. - o 
4. Potential for recertification requirements for hospital 
privileges and credentialing. 
5. The ie that initial certification does not guar- 
. . antee lifelong competence. | 
6.: Most other medical specialties’ Boards offer recertifi- 
cation on a voluntary basis or issue time-limited initial 
|... certificatio | | 
! 7. The need toiplan and promote a recertification process 
that is most likely to assess competence and be pal- 
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. atable to the profession in the event of government- 
required recertification. 
8. A need for the ASCP to plan and provide courses and 
materials to assist pathologists in preparing for a re- 
certification process. 


POLICY 


e The ASCP does not support mandatory recertification 
or time-limited initial certification for pathologists. 

* A voluntary recertification process should be made 
available for diplomates of the American Board of Pa- 
thology who have need for it. 

e The American Board of Pathology should construct 
a multifaceted voluntary recertification process that in- 
cludes multiple pathways in order to fit the varied practice 
patterns of pathologists. 

e The facets of the recertification process may include, 
but need not be confined to: | 


1. Participation in approved CME courses. 

2. Cognitive examinations focused to individual 
practice types. 

3. A peer review process. 

4. Proficiency programs for pathologists. 

5. A practice assessment component. 

6. Laboratory proficiency and accreditation pro- 
grams. 


œ The recertification process should include reasonable 
methods to assess ethical, behavioral, alcohol and drug 
impairment aspects of pathologists’ practice performance. 

e Recertification may become an important quality 
assurance process, but should not presently affect licensure 
or hospital privileges. 

ə Any recertification process should be implemented 
on a trial basis with studies designed to assess its impact 
on improvement in pathology practice and patient care. 
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Inaugural Address 
President, American Society of Clinical Pathologists 


C. Barrie Cook, M.D., M.B.A. 


Doctor Lundberg, fellow members of the American 
Society of Clinical Pathologists (ASCP), honored guests, 
ASCP staff, families, and friends. 

I am honored to be the President of the ASCP for the 
next year. The list of past presidents reads like a list of 
Who's Who in Pathology and I feel most humble. When 
I became President of The Medical Society of Virginia, I 
felt that I had reached the pinnacle of my professional 
life, as that represented acceptance and recognition by 
nonpathologists, which had only happened on one other 
occasion in Virginia, when Dick Palmer was the President 
of that Society. However, to be the President of the Amer- 
ican Society of Clinical Pathologists and to be recognized 
by one's peers in the same discipline even surpasses that 
previous honor. 

Last year, George Lundberg made mention of the Three 
Georges, I, II, and III; or, as we know them, Drs. Steven- 
son. Hoffman, and himself. We are proud of all three and 
what they have done for our Society. Our George, the III, 
carried out the duties of his office this past year in a superb 
manner and was superior to his namesake in English his- 
tory, who had some big problems. In that context I would 
like to say that this year begins the reign of Charles I, or 
Charlemagne, who was an illustrious leader in his time. 
I hope to emulate some of his accomplishments and not 
to cloud his place in history by a poor performance be- 
cause of name association. 

How was I, or any of our previous presidents, able to 
reach this position of importance without the help or in- 
spiration of others we have known or been associated with. 
If my godfather, Dr. William J. Mallory, an internist in 
Washington, had not suggested that I take “a year" of 
pathology to understand better the pathophysiology of 
disease, I doubt that I would be here. If Dr. Lee Sutton, 
Chairman of the Department of Pediatrics at the Medical 
College of Virginia, had not suggested that I go to the 
Mallory Institute in Boston, I would have not been stim- 
ulated by the likes of Dr. Fred Parker, G. K. Mallory, 
Stanley Robbins, Dante Compagne-Pinto, and others in 
Boston. I doubt that I would be here today. If it were not 
for my associates in pathology at Fairfax Hospital, Drs. 
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Lineberger, Hefter, Athari, Pastore, Sennesh, Hostette 
and Kankam, as well as the others in our group at Ame 
ican Medical Laboratories such as Drs. Godwin, Brown. 
Dauber, Kheir, Ocampo, and Kerman, who have picked 
up the slack when I have been gone, I doubt that | would 
be here. Also, the hospital administration at Fairfax Ho: 
pital, as well as the medical staff at the institution ha 
tolerated my involvement in this and other organizations 


C. Barrie Cook, M.D., M.B.A 
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All the ind were important, but if I did not have my 
understanding, supportive, and loving wife, Jean, and five 
wonderful children, who have always been helpful, I know 
.] wouldn't be here. I cannot help but thank Dr. Frank 
Vellios, who (BS the foresight and wisdom to appoint me 
to serve as Assistant Treasurer under Herb Krickstein, 
from whom learned a great deal (especially how to lose 
money on the golf course). To you, one and all, I say 
“thanks” and] hope your confidence will be justified, and 
I know your help and advice will be needed. | 

In my earlier years in pathology I was involved with 
the College f American Pathologists (CAP) as an in- 
spector and took a number of their management courses. 
Benwood Hunter stimulated my interest in nuclear med- 
icine and in blood banking. As a result, I became active 
in the American Association of Blood Banks and was on 
their I and A Committee, and at one time was the Chair- 
man of that Committee, and for that I thank Dr. John 
Shiveley. In the ASCP I served on the Advisory Council 
for 10 years. It was there that I became aware of the many 
individuals who contributed their time and energy to im- 
prove the practice of pathology by extending their knowl- 
edge and expertise to others. It reminded me of an article 
in the Wall Street Journal. The article was about the Na- 
tional Endowment for the Arts and how that organization 
believes that quality above all is what endures in the Arts. 
This is what, to me, motivates those in the ASCP, both 
volunteers and staff. The National Endowment for the 
Arts has exhibited risk taking and experimented in dif- 
ferent forms of art, some of which have been successful, 
others, not. This has also been true of the ASCP in their 
different programs and teaching innovations. It is through 
the courage to fail that we achieve eventual success. Be- 
_ cause I had insufficient expertise to teach, I decided to 
use whatever talents I had to help make the job of the 
volunteer teachers easier, and the ASCP a more viable 
organization. Therefore, as a member of the Finance 
Committee and Treasurer, I was viewed as being parsi- 
monious and penny pinching, when I really wanted to 
ensure the continuation of the ASCP, and to make the 
other see of the Board and the staff aware that we 
had to be solvent and accountable to our membership 
that had placed its trust in us. I’m happy to say that during 
my tenure as Treasurer our total assets increased by ap- 
proximately four million dollars. 

Last year my predecessor enumerated the 17 goals of 
the Society that were established by the Research Devel- 
opment and Strategic Planning (RDSP) Committee under 
his guidance. These goals had been prioritized by the Del- 
phi process, "He we participated in and became quite 





familiar with. He then listed those 9 initiatives he wished 
to achieve. I might say that he has done extremely well, 
but fortunately for me he did not complete all of those, 
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and therefore there are a few things that remain unfinished 
to provide a challenge for me. 

` The first is membership, which is the first priority on 
my list, as it was on his. This is our life's blood, so to 
speak. Our membership is getting older and fewer people 
are entering the field as either pathologists or medical 
technologists. New and pending government regulations 
do not make the field as attractive, but this 1s true for all 
of medicine. We will continue to work with the CAP, the 
Association of Pathology Chairman (APC), and other or- 
ganizations to change this, and to prevent the impending 
manpower shortage 1n pathology, which should help our 
membership as well. I have asked Alma Kuby to continue 
her excellent work in this area as continuing effort is 
needed to obtain new members in all categories, especially 
resident members. 

The next area of concern is the financial solvency of 
the Society. This is essential for a vigorous approach to 
the many new challenges facing us at this time. We need 
to maintain our preeminence as an educational organi- 
zation. As I mentioned earlier, to maintain quality and 
take chances on new and innovative projects, it is essential 
to be a solvent society. 

A third area of concern to me is communication be- 
tween our Society and the other pathology organizations. 
As some of you know, there are many people in the 
American Medical Association (AMA) who think there 
are too many pathology organizations and too many pa- 
thologists in the AMA as delegates. Indeed, we do have a 
disproportionate number of delegates in that organization 
compared to other specialties and their comparative size. 
Therefore, it is important for us to communicate more 
clearly and more often, so that there are fewer misunder- 
standings and more areas of agreement. Concentration of 
effort in clearly defined areas 1s essential. Some of you 
may be aware that the officers of the ASCP and the CAP 
have been meeting periodically, as have the officers of 
these two organizations with the officers of the APC on a 
separate and on-going basis. I would hope that this year 
the officers of these groups might meet together instead 
of separately, on some occasions to coordinate more ef- 
fectively their actions and activities. : 

The next item on my agenda is direct access pathology. 
This, to me, is a new opportunity for pathologists. Direct 
access by patients to laboratory testing is a concept whose 
time has arrived. A number of states already allow this, 
and other have limited access by certain individuals. What 
is self-testing except direct access? Home testing kits are 
being developed all the time with the latest one being for 
AIDS. Those patients who want laboratory data inter- 
preted could get it from a pathologist or the pathologist 
could refer the patients to an appropriate physician. This 
may seem strange to some pathologists who have little or 
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no patient contact, but I am sure all of us, even those who 
do only anatomic pathology, have come in contact with 
those patients or the families of patients who wanted to 
speak directly to the person who looked at the slide and 
made the diagnosis. Finally, this could result in savings 
for patients and third-party payors for Special Projects. 

The Past Presidents Committee for Special Projects, 
which has been working under the direction of Dr. Dolan, 
will continue, and I would hope they would be able to 
raise sufficient funds to enable one or two young pathol- 
ogists and/or medical technologists to spend a 6- to 12- 
month period of time at the ASCP headquarters. Here 
they could work on special projects and become more 
familiar with the workings of the organization, which 
would give us a chance to scout them as well. In addition, 
they would bring in challenging new ideas for consider- 
ation. The young are never afraid to try something new. 
To accomplish this, a dedicated staff with a more orga- 
nized approach is necessary. 

The RDSP Committee will continue to refine the old 
goals and develop new ones, as indicated, which my suc- 
cessors will have to grapple with. An update by this Com- 
mittee is appropriate so incomplete and yet-to-be-started 
goals or strategies will not be overlooked or lost. 

Last, there are many other important areas, such as 
Ethics and Practice Parameters. The chairmen of these 
committees, Drs. John B. Henry and Rex Conn, are 
working diligently and we await the results of the activities 
and deliberations of their committees. 
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These are challenging and exciting times for pathology 
and the ASCP. We are all concerned about new govern- 
ment regulations and actions that have been taken. I have 
said nothing about these, as our area of interest and ex- 
pertise is mainly in the field of education, while our co- 
society, the CAP, is meeting that challenge head-on, witk 
vigor and some degree of success. Our main concern ir 
that arena remains our associate members, whose con 
cerns we must address. A young student contemplating a 
medical career was visiting our laboratory. She asked mc 
if I would go to medical school at this time if I had to do 
it all over again. I thought for a moment and then allowed 
as how times and laws had changed, and there were a loi 
of problems with government becoming more intrusive 
in our practice. I said “I would have to think about it, 
but probably would, as I enjoyed what I was doing, and 
would go to medical school, no matter what." She thought 
for a few seconds and said: “Dr. Cook, I won't have those 
problems, as I don't know how it was." 

What is preceived as adversity by some will appear as 
opportunity to others. As I see it, our biggest problem is 
communication with each other. This is, in part, because 
our words get mixed up. A friend told me of a sign in à 
small restaurant he had seen in the Sudan region of Africz. 
It reads: "The water in this restaurant has been personally 
passed by the manager." Passed is a good word. “Ap- 
proved", however was the right word. Some things are 
good, but not right. Finding the right word, or words, 1s 
not easy, but now is the time. 
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Minutes of the Annual Business Meeting of 
the American Society of Clinical 
Pathologists, Tuesday, October 23, 1990 


Dallas, Texas Convention Center 


Presidential State of the Society Address—George D. 
Lundberg, M.D. 


The Sixty-eighth Annual Business Meeting of the Amer- 
ican Society of Clinical Pathologists was held in West 
Ballroom C of the Dallas Convention Center on Tuesday, 
October 23, 1990. George D. Lundberg, M.D., President, 
called the meeting to order at 8:30 A.M. He welcomed 
everyone to the meeting and appointed Mr. Altman as 
the official parliamentarian. 

In his inaugural address, Doctor Lundberg pledged to 
uphold the mission statement of the ASCP to the best of 
his ability, and to his knowledge has done so. The Board 
of Directors, volunteers, staff, and a host of others have 
Jabored within the mission statement toward the 17 official 
goals of the Society. A report on the nine initiatives an- 
nounced last year follows. 


1. Membership. Many efforts have been made and 
continue to be made in this area. The results are more 
than 3,000 more members, including Physicians/Fellows, 
Residents, and Associate Members (Grade B+). 

2. Ethics. This committee created and recommended 
approximately 25 principles in the fields of membership, 
the practice of pathology, and laboratory medicine. A 
survey of 1,000 Fellows assisted the Board of Directors 
in approving 24 ethical principles as policy (Grade A+). 

3. Financial Security. Total revenue for fiscal year 1990 
was 9% more than fiscal year 1989 and the total as- 
sets increased by approximately 1.3 million dollars 
(Grade B4-). 

4. Fund Raising. The Past Presidents Fund Raising 
Committee developed a concept for fund raising and is 
looking for focused projects. It has raised several thousand 
dollars from its own ranks (Grade B—). 

5. New Practice Patterns. The ASCP Direct Access Pa- 
thology Committee recommended new policies on direct 
patient access that the Board of Directors adopted. Articles 
on this subject will soon appear in ASCP NEWS, Labo- 
ratory Medicine, The Archives of Pathology & Laboratory 


Medicine, and the Journal of the American Medical As- 
sociation. This policy has been transmitted in many forms 
to the United States government (Grade A+). 

6. Practice Parameters/Guidelines. This new commit- 
tee is working hard and getting off the ground slowly in 
a difficult area. Doctor Lundberg predicted that the future 
looks bright in very troublesome times (Grade B—). 

7. Intersociety Relations. A Joint Officers Committee 
met four times during the past year. The ASCP and CAP 
have different purposes and different constituencies but 
do have much in common. A greatly improved relation- 
ship with the Association of Pathology Chairman has de- 
veloped over this past year (Grade B). 

8. Assuring Continuing Competence. The second ASCP 
Colorado Springs Conference was held in May 1990 and 
developed a formal policy on the subject of board recer- 
tification. Using this and other input, the CAP and the 
American Board of Pathology also have developed posi- 
tion statements (Grade A). 

9. Recognition of Distinguished Service to Medicine. 
This award was presented last year to Doctor Koop and 
was a high point of the year (Grade A). 


American Journal of Clinical Pathology. Mark R. Wick, 
M.D., has replaced retired Editor Myrton F. Beeler, M.D., 
for the American Journal of Clinical Pathology. 


Doctor Lundberg acknowledged and thanked Robert 
A. Dietrich, M.D., J.D., the Executive Vice President, for 
his dedicated service to the Society and for making his 
year as President easier. In addition, Doctor Lundberg 
praised George F. Stevenson, M.D., for his untiring years 
of service on behalf of the ASCP. 


Necrology Report—Robert W. Christie, M.D. 


Doctor Christie paid tribute to the memory of the So- 
ciety's recently deceased members with a reading from 
the Ninetieth Psalm. 

The following names of the Society's departed colleagues were 
read: 
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Necrology Report 
(October 1989 to October 1990} 


Emeritus Fellows 


Stuart M. Anderson, M.D. 
Jacob Joseph Baron, M.D. 
Chapman H. Binford, M.D. 
William C. Black, M.D. 
Gloria G. Brennan, M.D. 
Sylvia Bubis, M.D. 
Henry Joseph Caes, M.D. 
Guillermo M. Carrera, M.D. 
Albert Ehrlich, M.D. 
James W. Erchul, M.D. 
Howard J. Gomes, M.D. 
James E. Habegger, M.D. 
Samuel J. Hoffman, M.D. 
Robert T. Iwata, M.D. 
Harold Kade, M.D. 
Eugene W. Lange, M.D. 
Jeff Minckler, M.D. 
A. Ralph Monaco, M.D. 
Benjamin F. Norris, M.D. 
Avis M. Olson, M.D. 
Harold D. Palmer, M.D. (Past 
President 1962-1963) 
Robert A. Peterson, M.D. 
Robert J. Ritterhoff, M.D. 
Oscar A. Ross, M.D. 
Fred Ryden, M.D. 
Henry D. Santina, M.D. 
Cameron L. Self,, M.D. 
Raymond B. Squires, M.D. 
Ronald W. Steube, M.D. 
Margaret C. Swanton, M.D. 
Henry A. Teloh, M.D. 
Arthur H. Wells, M.D. 


Fellows 


John Douglas Blair, M.D. 
John R. Buscher, M.D. 
Stuart A. Chamblin, Jr., M.D. 
Edward Coffey, Jr., M.D. 
John W. Colton, M.D. 
Arnold A. Effron, M.D. 
Alberto G. Gerdts, M.D. 
Eugene H. Kagan, M.D. 
Paul E. Kaldahl, M.D. 

Louis Ramon Reveley, M.D. 
Verne A. Schulberg, M.D. 


Inactive Fellow 


Bruce Anders Lloyd, M.D. 
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Lovell, Maine 
Milwaukee, Wisconsin 
Arlington, Virginia 
Denver, Colorado 

Falls Church, Virginia 
Columbus, Ohio 
Newark, Ohio 

New Orleans, Louisiana 
Fort Lee, New Jersey 
Menasha, Wisconsin 
San Jacinto, California 
Naples, Florida 
Chicago, Illinois 
Roseburg, Oregon 
Springville, California 
Lehigh Acres, Florida 
Arcata, California 
Panama City, Florida 
Guilderland, New York 
Lathrup Village, Michigan 


Sedona, Arizona 
Gaylord, Michigan 
Cincinnati, Ohio 
Beachwood, Ohio 
Franklin, Tennessee 
New Orleans, Louisiana 
Phoenix, Arizona 
Cantonment, Florida 
Naples, Florida 

Clinton, North Carolina 
Hillsboro Beach, Florida 
Duluth, Minnesota 


St. Lous, Missouri 
Sweickley, Pennsylvania 
San Antonio, Texas 
Manhasset, New York 
Santa Monica, California 
Bayside, Wisconsin 
Lubbock, Texas 
Syracuse, New York 
Oklahoma City, Oklahoma 
Houston, Texas 

Aitkin, Minnesota 


Salt Lake City, Utah 
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Clinical Scientists 


John Cornyn, D.D.S. 
Margaret Edna Todd, Ph.D. 


Foreign Fellow 
Chai Hong Chung, M.D. 


Report of the Treasurer—Richard E. Horowitz, M.D. 


Doctor Horowitz presented the Society’s financial statement 
and a revenue and expense report, which were also distributed 
to the audience. He further reviewed the fiscal components of 
the Society with regard to revenue compared to expenses for 
different departments within the ASCP. He further indicated 
that the upcoming year appears financially, educationally, and 
scientifically superb. 

On September 14, 1990 a report was received by the Board 
of Directors on an independent audit conducted by the account- 
ing firm, Deloitte and Touche, of Chicago, Illinois. The audit 
found no material weakness or irregularities in the balance sheet, 
financial statements, or in the internal financial control structures 
of the ASCP. 

After discussion, a motion was made, seconded, and adopted 
unanimously that: 


The calendar year 1991 dues for the following classifications of 
membership be adopted: 


Fellow $250 
Clinical Scientist 85 
Medical Affiliate 85 
Foreign Fellow 100 
Foreign Clinical Scientist 50 
Resident 35 
Associate Member 25 
Active Emeritus 100 


Report of the Secretary—Philip L. Barney, M.D. 


Doctor Barney reported that the total ASCP member- 
ship is 47,911, with increases in all categories including 
Fellows, Residents, Emeritus Fellows, and Associate 
Members. The Board of Directors adopted several policy 
and position statements during the past year such as: 


A policy on Direct Access Testing 

A policy on Direct Billing for Clinical Laboratory Procedures 
that require a professional component 

A Recertification Statement 

A policy on Co-sponsorship Programs 

A Conflict of Interest Statement which will be disseminated 
to the membership 


An ASCP Award for Academic Excellence was pre- 
sented to 79 outstanding sophomore medical students in 
the United States. This was an effort to provide incentives 
to medical students considering pathology as a career in 
medicine. 
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San Antonio, Texas 
Englewood Cliffs, New Jersey 


Taegu, South Korea 


After discussion, Doctor Barney moved, it was sec- 
onded, and adopted unanimously that: 


The minutes of the October 31, 1989 ASCP Annual Business 
Meeting be approved as published. 


Report of the Executive Vice President—Robert A. Die- 
trich, M.D., J.D. 


Doctor Dietrich reported that the Society continues to 
be even more vital today than in the past in addressing 
our membership's continuing educational needs, certifi- 
cation activities, as well as recruitment activities. À de- 
tailed report is attached to these minutes as Appendix A. 


Report of the CAP President —Loyd R. Wagner, M.D. 


Doctor Wagner commented on activities the CAP has 
considered during the past six months. The most de- 
manding has been the preparation of responses and meet- 
ings associated with the proposed CLIA 1988 implemen- 
tation regulations. The CAP prepared extensive comments 
on the final regulations, objecting to many of the provi- 
sions in both general laboratory requirements and partic- 
ularly in cytology. 

Attempts have been made to obtain relief from the In- 
ternal Revenue Service initiatives concerning affiliated 
service groups and leased employees. It could place a 
heavy administrative and fiscal burden on pathologists to 
assure compliance with the IRS rules. The CAP is at- 
tempting to gain a prospective application only if they 
are finalized and is seeking safe harbor relief. 

At the September Board of Governors meeting, a report 
was received from the task force on recertification and 
referred to the House of Delegates for input before final 
action in November. The recommendations oppose 
mandatory recertification and endorses the establishment 
of a voluntary multiple pathway recertification method- 
ology as proposed by the American Board of Pathology. 


Report of the Commissioner of Continuing Education— 
Karen M. Ireland, M.D. 


Doctor Ireland announced that this 1990 Fall meeting 
is the most successful ever in attendance, participation, 
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and workshops. She elaborated on specific areas of the 
CCE with regard to quality assurance, the CheckPath 
program and a new educational product called Cytotest. 

A third cytology video disc is available that addresses 
the needs of the membership for continuing education in 
this area. S. Raymond Gambino, M.D., has edited the 
Check Sample program for 21 years and it continues to 
do well. This year, Doctor Wetli will assist Dr. Gambino 
in the anatomic pathology program as associate editor. 
The teleconference series also has been very successful 
and has been supported by a joint committee of the As- 
sociate Member Section (AMS) and CCE that develops 
new ideas for approximately 60 new programs each year. 
Last, Russell Brynes, M.D., has accepted the appointment 
of Deputy Commissioner of the CCE. 


Report of the Commissioner of Graduate Medical Edu- 
cation in Pathology —M. Desmond Burke, M.D. 


Doctor Burke gave an update on the activities of the 
CGMEP. This past year the Commission expanded from 
a single Commission of nine individuals to two councils. 
One council deals with residency training and the in-ser- 
vice examination and the other council handles matters 
concerning research and education. Anatomic pathology 
is tested annually, but the clinical pathology sections are 
on a two-year cycle. While there have been requests to 
test all sections of pathology each year, the CGMEP has 
decided not to make any changes and/or additions, but 
will expand the number of items in each segment of the 
examination. Last year’s Basic Science Research Sym- 
posium and the Residency Program Directors Conference 
were very successful both in attendance and content. 


Report of Current Board of Registry Activities—Paul J. 
Cherney, M.D., Chairman 


Doctor Cherney addressed current activities of the 
Board of Registry. The primary goal of the BoR in 1990 
was to develop and apply standards and procedures for 
certification and registration of medical laboratory per- 
sonnel. A joint task force on Recruitment, Retention, and 
Image continues to work with the membership of the 
AMS. An ad hoc committee has been studying computer- 
adaptive testing and a field test was conducted last year. 
All examination committees are working to enlarge the 
pool of examination items and the feasibility of using 
computer-adaptive testing in the future. 

The Research and Development Committee studied 
the examinations and the performance of various indi- 
viduals coming from different eligibility routes and has 
confirmed once again that the highest examination grades 


are earned by those individuals from CAHEA accredited 
training programs. 

A new project of the Research and Development Con - 
mittee was to investigate methods for the recognition cf 
individuals with special qualifications in laboratory arezs 
that are not broad enough for usual certification. The 
committee is analyzing a number of possible mechanisms 
by which such special qualifications could be recognized 
and has conducted some surveys to help indicate the need 
for this activity. 

The most recently established and successful certit.- 
cation programs are in phlebotomy and laboratory man- 
agement. Data from last year's survey of educational pro- 
grams indicates an increase in cytotechnology programs 
and students entering this field, and a slower rate of declir.e 
of several other programs including the largest —medical 
technology. 


Report of the Advisory Council Chairman—JA nna R. Gru- 
ham, M.D. 


Doctor Graham reported that the Advisory Council 
continues to act as a liaison to bring concerns and issucs 
from all pathologists to the Board of Directors. Discussiors 
during the past year have addressed issues of direct access 
to laboratory testing, medical technologists shortages, ard 
federal legislation impinging on laboratory practice. 
Through the ASCP Washington Report, councilors have 
been able to respond promptly to impending federal les- 
islative and regulatory changes, including review of last 
year’s model lab personnel licensure legislation. 

At the 1989 Fall Meeting in Washington, DC, Doctor 
Henry Desmarais, of Health Policy Alternatives, Inc., 
spoke about pathology issues and the policy environment 
of Medicare. Dr. Wayne Smith, of the Heelth Care F1- 
nancing Administration, discussed the evolution and im- 
pending implementations of CLIA 88 at the 1990 Sprirg 
Meeting in San Francisco. 


Report of the Associate Member Section Chairman—Anie 
Thompson, M.T(ASCP)S.H. 


Ms. Thompson presented a brief update on the Asso- 
ciate Member Section. She reported that the structure of 
the AMS now includes an elected Administrative Board, 
12 committees using more than 65 volunteers, and a nct- 
work of more than 65 state volunteers acting as adviso: s. 
During the past year, the AMS held five regional wor<- 
shops with an attendance filling more than 4,000 spaces. 
All the volunteers have worked to make this AMS year 
the most successful. Ms. Thompson introduced the 1991 
Chairman of the AMS, Ms. Polly Cathcart, M.M.Sc.. 
M.T.(ASCP)S.C. 
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Report of the Resident Physician Section (RPS) Chair- 
man—Daniel L. Hood, M.D. 


Doctor Hood reported that during the past year the 
number of Resident physician members has increased by 
15%, for a total of 1,294 members. This represents the 
largest increase of any member category within the So- 
ciety. During the past year the RPS presented two resident- 
oriented programs at the national meetings. The 1990 
spring meeting program focused on types of practice en- 
vironments residents will face when leaving training pro- 
grams. At this 1990 Fall meeting, the program was on 
publishing medical papers by resident physicians. Cur- 
rently members of the Administrative Board of the RPS 
participate on the Board of Directors, the CCE, the Mem- 
bership Committee, and the Communications Commit- 
tee. The 1990-1991 Chairman of the RPS is Timothy C. 
Greiner, M.D. 


Report of the Government Relations Committee—Rex B. 
Conn, M.D., Chairman 


Doctor Conn reported that the major activity of the 
Government Relations Committees was reviewing the 
many documents, including the federal register related to 
CLIA 1988, commenting on the various components on 
this legislation/regulation, and drafting recommendations 
to HCFA from ASCP. Doctor Conn noted several different 
activities in the CLIA 1988 regulations that the ASCP 
should support or oppose. 

The Government Relations Committee also drafted re- 
sponses opposing home blood collection for human im- 
munodeficiency virus testing and supporting direct access 
to laboratory services by patients. Doctor Conn noted that 
the Committee and the Washington Office function as 
resources to provide information and to advise, whenever 
possible, on any type of legislation or regulations related 
to the laboratory. 


Practice Parameters Committee Status—Rex B. Conn, 
M.D., Chairman 


Doctor Conn gave the definition of a practice parameter 
as an acceptable strategy for diagnosis or treatment of a 
specific clinical condition. He commented that there is 
no question that the concept of practice parameters is 
here to stay. Approximately 40 organizations and gov- 
ernmental agencies are drafting practice parameters. The 
federal government is providing financial support and has 
assigned responsibility for drafting practice parameters to 
certain federal agencies. The AMA is functioning as a 
central clearing house for information and will continue 
to be involved. 

Writing a practice parameter is simply the first step in 
improving medical care. Parameters must be validated, 
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communicated, and instituted. Using a standardized pro- 
tocol and format developed by the Committee for eval- 
uating written practice parameters, practice parameters 
are being reviewed. A data base is being developed for all 
published practice parameters to identify and select those 
related to pathology or laboratory medicine. It is impor- 
tant now to explore the concept of validation and the 
protocol for validating a developed practice parameter. 
Last, the committee is writing practice parameters related 
to replacement of obsolete tests and availability of stat 
service while setting the ground work for an ongoing crit- 
ical approach to the whole concept. 


American Board of Pathology —Murray R. Abell, M.D., 
Ph.D. 


Doctor Abell provided copies of his report and noted 
that one item from the report was a position statement 
with regard to recertification prepared early this year. The 
American Board of Pathology's (ABP) position statement 
and that of the ASCP are quite similar. Some general 
points from that statement include the following: 


1. The ABP is the only body recognized by the Amer- 
ican Board of Medical Specialities to certify physi- 
cians in pathology and is the only body that can 
recertify those physicians. 

2. The ABP has a responsibility to all diplomates who 
desire recertification. 

3. The process of recertification must be educational 
and meaningful. 

4. Recertification in an area of pathology should be 
available only to those who hold a valid certificate 
issued by the ABP. 

5. Continuing medical education and practice assess- 
ment should be major components of any recerti- 
fication process. 

6. The ABP should not be involved in recredentialing 
noncertified pathologists. 


Policy positions of the ABP are listed below. 


1. The ABP opposes time-limited certification and 
mandatory recertification. 

2. The ABP approves the concept of voluntary recer- 
tification as a pathway for recredentialing. 

3. The ABP approves some combination of continuing 
medical education, assessment of practice perfor- 
mance, cognizant examinations, as well as other ap- 
proaches that may be developed. 


Doctor Abell commented that the ABP would give its 
first examination in pediatric pathology on November 20, 
1990. A cytopathology examination has been instituted 
as an area of added qualification, with 475 individuals 
certified in this area. 
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Presentation of Awards—George D.Lundberg, M.D. 
Doctor Lundberg recognized all of the 1990 ASCP award winners. 


Philip Levine Award: Walter T. J. Morgan, Ph.D., D.Sc., and 
Winifred M. Watkins, Ph.D., D.Sc., 
F.R.C. 


H. P. Smith Award: William M. Christopherson, M.D. 


Ward Burdick Award: S. Raymond Gambino, M.D. 
Jt. Distinguished Service Pierre W. Keitges, M.D. 
Award: 


Joseph C. Sherrick, M.D. 
Ann H. Clark, M.A.T., C.T.(ASCP) 


Israel Davidsohn Award: 
Technologist of the Year: 


Sheard Sanford Award: Patricia M. Kopko and Timothy C. 
Cripe, M.D., Ph.D. 
CCE Distinguished Service David H. Dail, M.D. 
Award: Robert E. Fechner, M.D. 


Karen M. Ireland, M.D. 
Janice M. Nelson, M.D. 
Paul P. Sher, M.D. 
AMS Distinguished Service Barbara J. Minard, M.T.(ASCP)S.H., S.I. 
Award: 


Report of the Bylaws Committee—Karn M. Ireland, M.D. 


Doctor Ireland reported that the Bylaws Committee is pro- 
posing several changes to the ASCP bylaws. After discussion a 
motion was made, seconded, and adopted unanimously that: 


The proposed amendments to the ASCP bylaws be approved as 
circulated. (Appendix B). 


Report of the Nominating Committee—George C. Hoffman, 
M.D. 


Doctor Hoffman presented the Nominating Committee report 
for the 1990-1991 year. The following nominations for the So- 
ciety's officer positions were presented: 


President-Elect: Ernest S. Tucker III, M.D. 


San Francisco, California 
Thomas A. Bonfiglio, M.D. 
Rochester, New York 


Vice President: 


The motion was made, seconded and adopted unanimously 
that: 


'Fhe nominations be closed and unanimous ballot be cast for the 
slate. 


Doctor Hoffman presented the following nominees for the 
At-Large Members of the Board of Directors: J. Scott Aber- 
crombie, Jr., M.D., Boston, Massachusetts; Stebbins B. Chandor, 
M.D., Huntington, West Virginia; Ralph A. Korpman, M.D., 
San Bernardino, California; and Janice M. Nelson, M.D., Los 
Angeles, California. 

The motion was made, seconded and adopted unanimously 
that: 


The nominations be closed and unanimous ballot be cast for the 
slate. 


Doctor Hoffman presented the following nominations for the 
Commission on Continuing Education and the Commission on 
Graduate Medical Education in Pathology. 


Commission on Continuing Education 


Robert E. Fechner, M.D. 
Charlottesville, Virginia 


Council on Anatomic Pathology 


Council on Forensic Pathology 


Council on Cytopathology 


Council on Hematology 


Council on Transfusion 
Medicine 


Council on Clinical Chemistry 


Council on Immunopathology 


Council on Microbiology 


Council on Special Topics 
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Arthur F. Patchefsky, M.D. 
Philadelphia, Pennsylvania 
Robert E. Petras, M.D. 
Cleveland, Ohio 


Robert E. Scully, M.D. 
Boston, Massachusetts 


Fattaneh A. Tavassoli, M.D. 
Washington, DC 


Marcella Fierro, M.D, 
Richmond, Virginia 
Kris L. Sperry, M.D. 
Atlanta, Georgia 


Larry R. Tate, M.D. 
Columbus, Ohio 


Michael D. Glant, M.D. 
Indianapolis, Indiana 


Geraldine O. Hora, S.C. T.(ASCP) 
Cleveland, Ohio 


Thomas F. Kardos. M.D. 
San Antonio, Texas 


John B. Cousar, M.D, 
Nashville, Tennessee 


LoAnn C. Peterson, M.D. 
Minneapolis, Minresota 


John T. Brandt, M.D. 
Columbus, Ohio 


Benjamin Lichtiger, M.D., Ph.D. 
Houston, Texas 


Joel M. Umlas, M.D. 
Cambridge, Massachusetts 


Margaret E. Wallace, 
M.T.(ASCP)S.B B. 
Shreveport, Louisiana 


Rosalyn A. Yomtovian, M.D. 
Cleveland, Ohio 


George C. Cembrowski, M.D. 
Minneapolis, Minnesota 


Jay L. Bock, M.D. 
Stony Brook, New York 


Richard A. McPherson, M.D. 
San Diego, California 


James A. Goeken, M.D. 
lowa City, Iowa 


Roger S. Riley, M.D. 
Greenville, North Carolina 
John A. Carey, M.D. 
Detroit, Michigan 


Barbara J. Minard, 
M.T.(ASCPJ)S.H., S.I. 
Wichita, Kansas 


Paul Valenstein, M.D. 
Ann Arbor, Michigan 


Tsieh Sun, M.D. 
Manhasset, New York 


Ron B. Schifman, M.D. 
Tucson, Arizona 


Diane C. Farhi, M.D. 
Cleveland, Ohio 
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Lucia B. Berte, M.S., 
M.T.(ASCP)S.B.B. 
Elmhurst, Illinois 


Lee H. Hilborne, M.D. 
Los Angeles, California 


Donald Connelly, M.D. 
Minneapolis, Minnesota 


Evan M. Cadoff, M.D. 
East Brunswick, New Jersey 


Council on Medical Informatics 


Commission on Graduate Medical Education in Pathology 


Peter J. Goldblatt, M.D. 
Toledo, Ohio 


Robert L. Treldstad, M.D. 
Piscataway, New Jersey 


Jay M. McDonald, M.D. 
St. Louis, Missouri 


Steven G. Silverberg, M.D. 
Washington, DC 


Mark R. Wick, M.D. 
St. Louis, Missouri 


Council on Education & 
Research 


Council on Resident Training 


The motion was made, seconded, and adopted unan- 
imously that: 


The nominations be closed and unanimous ballot be cast 
for the slate. 


Induction of Newly Elected Officers and Board of Direc- 
tors—George D. Lundberg, M.D. 


Doctor Lundberg presented Doctor Cook with the gavel 
and President's badge, noting his acceptance of the Office 
of the President for the coming year. Doctor Lundberg 
then presented the newly elected officers and members of 
the Board of Directors with their badges: Ernest S. Tucker 
III, M.D., President-Elect; Thomas A. Bonfiglio, M.D., 
Vice President; reelected Board Members, J. Scott Aber- 
crombie, Jr., M.D., Ralph A. Korpman, M.D., Janice M. 
Nelson, M.D., and new Board member Stebbins B. Chan- 
dor, M.D. Doctor Cook’s first duty as Incoming President 
was to present Doctor Lundberg with a plaque and pin 
from the Society together with his Past President’s badge 
in recognition of his outstanding leadership during the 
past year. 


Inaugural Address of the President—C. Barrie Cook, 
M.D., M.B.A. 


Doctor Cook gave his Inaugural Address, the entire 
text of which is attached as Appendix C of these minutes. 


Adjournment 


There being no further business, the meeting was ad- 
journed at 10:15 A.M. 


APPENDIX A 


Annual Report of the Executive Vice President 


The Society continues to be even more vital today than in 
the past in addressing our membership's continuing educational 
needs, certification activities, as well as recruitment activities. 

The fall national meeting attendance has increased for the 
past four years. The Washington Fall national meeting had a 
record of 9,061 registrants while its AP Slide Seminar on Diseases 
of the Gastrointestinal Tract had 1,170 registrants. The San 
Francisco Spring meeting had 6,343 registrants while its AP Slide 
Seminar on Diseases of the Thyroid had 906 registrants. 

During 1990, two Weekends in Pathology, in Orlando and 
New York were presented; 61 teleconference programs to more 
than 4,700 sites with an estimated attendance of 40,000 partic- 
ipants were conducted; technologist workshop weeks were held 
in Anaheim, Chicago, Boston, and Williamsburg under the aegis 
of the Associate Member Section; 25 in-depth educational 
courses were presented in a variety of locations nationwide and 
the Pathology Update Course was presented this year in Char- 
lottesville, Virginia. 

In May of this year, the Colorado Springs Conference was 
held under the leadership of Doctors McKenna, Smith, and 
Lundberg. This was a landmark national conference on the gen- 
eral subject of recertification and physician competence that re- 
sulted in a major ASCP position paper on recertification, pre- 
viously published. The video disc project successfully field tested 
its first product, CytoScreen I and completed CytoScreen II. 
Both of these video discs are designed to simulate screening and 
diagnosis of Pap smears of the female genital tract. A third cy- 
topathology disc based on the Check Sample series was also 
prepared. 

ASCP Press and Subscription Activities continues to enhance 
the number of books and other materials available. During the 
past year, 13 new titles were published, among which are Lab- 
oratory Quality Management by Cembrowski; Nucleic Acid 
Probes by Piper; a revised edition of the ABC's of LIS by Elevitch; 
Developing Performance Standards by Berte; and an SI Unit 
Pocket Guide by McQueen. In addition, three colored texts, Pa- 
thology of the Mediastinum by Flinner; FNA II:Lymph Node, 
Thyroid, and Salivary Gland by Feldman; and Intraoperative 
Consultation by Nochomovitz were published. New video tapes 
available include Blood Collection: The Pediatric Patient by 
Phelan; Laboratory Safety and Infection Control by Luebbert; 
and Pap Smear: Collection, Handling and Quality Assurance by 
Somrak. 

Just released or soon to be are Breast Pathology by Fechner 
and Mills; Testicular Tumors by Young and Scully; Clues to 
Diagnosis in Dermatopathology by Ackerman; Cytopathology 
of the Uterus and Cervix by Meisels; Histotechnology: A Self 
Instructional Text by Carson; and Cutaneous Adnexal Tumors 
by Wick. 

Cytology has taken a high profile during the past year, which 
resulted in the establishment of a Cytopathology Education 
Consortium by the Board of Directors. A membership need for 
reference materials in cytopathology is being addressed by the 
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recently published Cytotest/A Practice Exam in Cytopathology 
and the Pap Smears video tape by Somrak. Other cytopathology 
titles forthcoming will include Cytostack, a hypercard cytology 
text book, as well as a product based on the collected text of the 
cytopathology Check Samples. In production are two new video 
tapes, one in histotechnology and the other on nonroutine blood 
collection techniques. Other new products include Computer 
Adapted Instruction Software on Blood Collection Techniques 
and a computer adapted testing product to complement an all 
new edition of the Board of Registry Study Guide. Other forth- 
coming titles include Implementing QA by Bozzo, Transfusion 
Transmitted Diseases by Smith; the Customer Orientated Lab- 
oratory by Umiker; and Immunohistopathology by Elias. 

During the past year, Laboratory Medicine as well as ASCP 
NEWS completed the transition to desk top publishing. Since 
the May 1990 issue of Laboratory Medicine, all composition 
work has been produced in house, resulting in a significant re- 
duction of costs. During the summer, the American Journal of 
Clinical Pathology's editorial support function was relocated to 
the ASCP headquarters with on-line computer access established 
between the editor's office in St. Louis, the ASCP, and our Phil- 
adelphia-based publisher. 

Check Sample and Tech Sample continue to prosper. Signif- 
icant increases have been seen in the new QA program, 
CheckPath. Introduced in 1989, CheckPath has continued to 
increase in size with offerings in anatomic, cyto, and hemato- 
pathology. A new quality assuránce program offered at national 
meetings is the Challenge Examinations. These examinations 
are available in anatomic, cyto, and hematopathology. A new 
examination in anatomic pathology is also being introduced at 
this meeting and a new cytopathology examination will be offered 
at the Spring 1991 in Nashville. These examinations provide 
immediate feedback and discussion of diagnoses in the workshop 
setting. 

In response to requests from both residents and program di- 
rectors for a more comprehensive test, plans are under way to 
expand the annual resident in-service examination. This past 
year a record high of 2,500 residents took the examination. 

More than 2 million mailings of attractively designed catalogs 
and brochures were sent to our membership and the general 
medical laboratory community informing them of our educa- 
tional offerings. More than 30,000 orders and registrations were 
processed by telephone. Significant efforts have been made during 
the past year to enhance public knowledge regarding pathology 
and laboratory medicine. These public information efforts are 
under the guidance of the Communications Committee chaired 
by Doctor David Smith. These efforts have resulted in public 
education brochures, press releases, and media kits for our na- 
tional meetings. Our press releases have generated more than 
750 articles in newspapers, with readerships totalling 4 million 
as well as in several magazines, including Modern Maturity and 
Readers Digest, with a combined circulation of 38 million 
people. 

Total membership is now more than 48,000, reaffirming our 
position as the largest organization of pathologists and medical 
laboratory personnel in the world. The career recruitment net- 
work continues to grow and now includes 1,400 laboratory re- 
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source persons and 2,000 high school science teac iers. This nct- 
work is supported by staff-developed materials as well as surve -5 
that document current personnel shortages and salaries. 

A “Member Get a Member" campaign is in progress, wi.h 
complimentary trips to various cities, including one to Eurove 
and one to Hawaii, as well as weekends in various cities ai d 
cash prizes. 

The Board of Registry for 1990 has more than 145,700 rcz- 
istrants, the largest in its history. The number of applicants for 
certification in 1990 was 13,298, which is approximately tie 
same as in 1989. 

The internal functions of the Society continue to be rec x- 
amined and updated for better efficiency and service to o ir 
members. The staff looks forward to another productive yea:. 


APPENDIX B 


1990 Proposed Amendments 
to the ASCP Bylaws 


The Annual Business Meeting of the Memoership of the 
American Society of Clinical Pathologists was he.d on Tuesd.:v. 
October 23, 1990 at 8:30 A.M. in the West Ball-oom C of he 
Dallas Convention Center. ASCP Fellows were asked to vote »n 
the following proposed amendments to the Scciety's Byle ws 
during the October 23, 1990 meeting. 


Philip L. Barney, M.D 
Secretary 


Article VI. Officers and Board of Directors. 

SECTION 2. Board of Directors. The Board o* Directors s all 
be composed of the Officers, the Immediate Past President. six 
At-Large Directors, the Chairman of the Advisory Counci ex 
officio, the Chairman of the Associate Member Section ex offi. 10, 
the Chairman of the Resident Physician Section ex officio. the 
Commissioner of Continuing Education ex oficio, the Cc m- 
missioner of Graduate Medical Education in Pathology ex off cio 
and the Executive Vice President ex officio without vote. Each 
At-Large Director shall serve for a term of threc years and nay 
serve for two full terms or until a successor is qualified. In the 
event that any At-Large Director is elected as a Commissicner 
or to any other position whereby that person becomes ar cx 
officio member of the Board of Directors, that At-Large Dire.tor 
position shall become vacant and shall be filled for the unexp red 
term by the President with the consent of the Board of Direc ors 
election in accordance with Article 9 of these bylaws. 


Article IX. Vacancies. 

SECTION 2. Anticipated Vacancies. When £ vacancy in an 
elected office is anticipated to occur at the time of the next anr ail 
business meeting, the nominating committee sha | be respons ble 
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for nominating a candidate for election to the anticipated vacant 


position. 


SECTION 3. Other Vacancies. Vacancies occurring by res- 
ignation, death, incapacity or removal in any other office, or in 
any other elective or appointive position shall be filled by the 
President with the consent of the Board of Directors. The person 
so appointed shall serve until the conclusion of the next annual 
business meeting. 


Article X. Committees. 

SECTION 7. Educational Materials Advisory Committee. 

(b) Composition. The Educational Materials Advisory Com- 
mittee shall be composed of six members appointed by the Pres- 
ident with the approval of the Board of Directors for terms of 
three years, the terms to be arranged so that two expire each 
year. There shall be no limit to the number of terms a member 
may serve. Appointments to this Committee shall broadly rep- 


resent the educational activities of the Society. With the approval 


of the Board of Directors, the President, upon recommendation 
of the Chairman, may appoint scientific advisory boards. 
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Wigglesworth JS, Singer DB, eds. Textbook of Fetal and Perinatal 
Pathology. Two volumes. Boston: Blackwell Scientific Pub- 
lications. 1991. $250.00. 


This new two-volume textbook is a meridian work in fetal 
and perinatal pathology. It represents a transatlantic collabo- 
ration of two editors with 31 contributors, many of whom have 
published extensively in the field of fetal, perinatal, and pediatric 
pathology, and some of whom have written their own texts. It 
is appropriate not only as a “comprehensive text to fulfill the 
needs of perinatal and pediatric pathologists for a relatively de- 
tailed reference work” but also as a reference for residents, general 
and surgical pathologists, and clinicians involved in the care of 
the fetus and the neonate. 

Volume | covers principles and major problems in fetal and 
perinatal pathology, with introductory chapters on the role of 
pathology in modern perinatal medicine, fetal growth and mat- 
uration, classification and causes of fetal and perinatal death, 
and the perinatal autopsy. Other chapters give more detailed 
information about the pathology of abortion, the placenta, mul- 
tiple pregnancy, fetal death, intrapartum and early neonatal 
death, malformations, chromosome abnormalities, malforma- 
tion syndromes, excess fluid collection in the fetus, and congen- 
ital tumors. Chapters 4 to 10 should be required reading for 
anatomic pathology residents and fellows and are very useful as 
a reference for more experienced pathologists. 

Volume 2 discusses the pathology of organ systems in the 
fetal and perinatal periods with emphasis on the respiratory tract, 
cardiovascular system, central nervous system, orofacial region, 
eye, alimentary tract, liver, pancreas, adrenal glands, pituitary, 
thyroid, parathyroid, urogenital system, musculoskeletal system, 
skin, and hematopoietic system. The major diseases of these 
organ systems are presented, discussed, and illustrated. In some 
cases, immunohistochemical, cytogenetic, flow cytometric, and 
molecular biological applications also are incorporated into the 
text. 

All of the chapters are well written, well illustrated, and fully 
referenced. However, some have more recent complications of 
references than others, with citations from 1988 and 1989 in- 
cluded, Extensive tables, graphically elegant line drawings, and 
flow diagrams are found throughout the two volumes. The qual- 
ity of the gross photographs and photomicrographs is excellent 
and illustrative of the key morphologic features. Parenthetically, 
the same photograph appears in two separate places in the text 
to illustrate two different aspects of congenital cytomegalovirus 
infection: figure 17.16, page 545, depicts microcephaly and figure 
33.22, page 1273, emphasizes the blueberry muffin rash. 

My succinct and enthusiastic recommendation is to buy this 
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book. I highly recommend it. The contributions made by the 
31 authors and the extensive work of the two editors have resulted 
in a book with a broad compass and oceanic sweep. It is a wil- 
come and indispensible addition to the perinatal and pediatric 
pathology library. 


CHERYL M. COFFIN, M.D. 

The Lauren V. Ackerman Division of Surgical Patholo>y 
Department of Pathology 

Washington University School of Medicine 

St. Louis, Missouri 


Menendez-Botet, CJ. Hazardous Waste: Facts and Fallacizs. 
Washington, DC: AACC Press. 1990. $20.00. 


This 44-page booklet on biomedical hazards summarizes ma- 
terial presented at an American Association for Clinical Chem- 
istry workshop. The educational content and value of these 
summaries vary, but generally they provide useful and practical 
information. The first two chapters, on carcinogenic chemicals 
and management of radioactive wastes, as well as the last chap'er 
on flammable and combustibles liquids, provide very basic n- 
formation and each has minimal numbers of references, mai: 
to textbooks. The chapter on information sources for hazardcus 
waste gives specific information of practical importance. In zd- 
dition, the discussion of the types and use of various information 
resources is relevant and complete. Chapters 4 and 5 on m: n- 
agement of infectious and hazardous wastes contain information 
that is immediately applicable to the laboratory, including soe- 
cific actions that should be incorporated into safety prograris. 
Chapter 6, entitled “Chronically Toxic Chemicals," provides a 
good introductory survey of the topic with mention of typical 
problems associated with toxic chemicals as well as spec:fic 
problem with various classes of toxic compounds. The tables of 
toxic compounds are helpful and some of the information could 
be incorporated easily into a laboratory chemical hygiene plan. 
Advisory information on the personal protective measures vas 
brief but pragmatic. This booklet is appropriate for safety officers, 
safety committee members, and medical technologists because 
the material offered might serve as an initial stimulus for study 
and lead to practical application in laboratory safety programs. 


JERRY DUNGAN, MT (ASCP) 

JOAN H. HOWANITZ, M.D. 
Pathology Laboratory Service 
University of Californ:a, Los Angeles 
Los Angeles, California 
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Plastic Embedding for 
immunohistology 


To the Editor:—In the recent article, 

"A Novel Method for Optimum Biopsy 
Specimen Preservation for Histochemical 
and Immunohistochemical Analysis,” 
Drs. Murray and Ewen! describe a method 
of plastic embedding of tissues for histo- 
chemistry and immunohistochemistry. 
The authors use the technique called 
“freeze substitution” rather than fixation 
as the first step in tissue processing. Freeze 
substitution refers to the immersion of 
frozen tissue in subzero acetone to extract 
ice. The tissue is then infiltrated with 
plastic monomer and polymerized into a 
plastic tissue block. The authors propose 
that this method differs from previously 
described methods of plastic tissue 
embedding’ in that those techniques 
employed some form of tissue fixation 
that potentially alters antigenic reactivity. 
We note that although aldehydes were the 
primary fixatives in most of those cited 
methods,^^? the method described by our 
group? employed fixation of tissue in ace- 
tone at —20 °C. One would think that the 
term “fixation” may be debatable in this 
context and that this tissue processing step 
also may qualify as freeze substitution. 
The authors’ method differs from our 
method in only two ways: (1) we do not 
freeze tissue before immersion in subzero 
acetone, and (2) we infiltrate tissue with 
plastic monomer at 4 °C rather than in 
subzero conditions. In this sense, it would 
appear that the method proposed by Drs. 
Murray and Ewen is not actually a novel 
method but at best a modification of our 
previously published technique.’ 

Does this modification result in any 
advantages with regards to antigenic pres- 
ervation? If it does not, the added step of 
freezing tissue before immersion in sub- 
zero acetone is an unnecessary step. With 


The Authors’ Reply 


To the Editor:—Professor Casey’s letter 
raises several points regarding our recent 
paper that must be answered. First, “freeze 
substitution” is a process that is funda- 
mentally different from that of fixation, 
even using acetone at —20 °C as the fix- 


regard to lymphoid antigens, the authors' 
modifications apparently offer no advan- 
tage because similar antigens are detected 
(CD3, CD5, CD19, CD22, and immu- 
noglobulin). In fact, by our method, T- 
cell subsets also are detectable with CD4 
and CD8. The reactivities for enzyme his- 
tochemical stains also appear similar for 
both modifications. 

Whereas we have differed with the au- 
thors in the use of the terminology to de- 
scribe immersion of tissue in subzero ace- 
tone (fixation versus freeze substitution), 
it would appear that this difference in ter- 
minology is minor because the techniques 
and the results obtained are essentially the 
same. In communications with other lab- 
oratories using our methods and in sub- 
sequent papers,° we have called the fixa- 
tion of tissue in subzero acetone a “poor 
man’s” form of freeze drying tissue with 
minimum alteration of antigens. 

Finally, those of us who, over the years, 
have advocated plastic embedding for di- 
agnostic immunohistology must realize 
that this advocacy is an uphill struggle. 
Plastic embedding techniques such as 
those cited will always have a rightful place 
in investigative work, but it is unlikely that 
they will be employed universally for di- 
agnostic purposes. The future of diagnos- 
tic immunohistology is in more sensitive 
and specific reagents for the detection of 
differentiation antigens in routinely pro- 
cessed tissues, rather than in fundamental 
changes in the ways we process tissues. 
This reality becomes more apparent each 
year with the advent of markers such as 
paraffin-reactive antibodies to CD3’ and 
CD20; and of other antibodies to antigens 
previously undetectable in paraffin. Thus, 
in the evolutionary tree of immunohis- 


ative, as described by Casey’s group.! We 
disagree completely that the difference 
between our method? and Professor Ca- 
sey's method is one of minor terminology. 

The effects of tissue fixation depend on 
the type of fixative and the time and tem- 
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tology, plastic embedding is not part of 
the trunk but rather is only a branch. 


TERENCE T. CASEY, M.D. 
Associate Professor and 

Chief, Anatomic Pathology 
Tulane University Medical Center 
New Orleans, Louisiana 
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perature of fixation.* Tissue fixation will 
result in a variable amount of denatur- 
ation of tissue components, and during 
the process of fixation there will be dif- 
fusion and extraction of soluble tissue 
components (enzymes, glycogen, muco- 
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substances, and nucleic acids, for exam- 
ple). In addition, degradation of tissue 
components during the fixation procedure 
also may occur (e.g., tissue nucleases may 
continue to digest RNA and DNA and 
these processes continue to operate at —20 
°C). Placing unfixed, fresh nonlymphoid 
tissue directly into acetone at subzero 
temperature is likely to result in consid- 
erable ice-crystal artefact due to slow 
freezing of tissue water; in our experience 
this is particularly marked in solid tissue, 
e.g., of the liver and kidney. There appears 
to be a shell of well-fixed tissue surround- 
ing a central core into which acetone can 
only penetrate slowly and this central 
portion of tissue is poorly preserved, with 
considerable morphologic disruption. 

Freeze substitution, which combines 
rapid (snap) freezing of tissue with re- 
moval of tissue water by an organic sol- 
vent at low temperature, is a method of 
preserving tissue that is completely sepa- 
rate from fixation.? Rapid freezing ensures 
that cellular processes are stopped almost 
instantaneously so that degradation of tis- 
sue components does not occur. Further- 
more, because the tissue is frozen, diffu- 
sion or extraction of soluble tissue com- 
ponents, particularly tissue antigens, 
cannot occur. Thus freeze substitution is 
a method of tissue preservation that cir- 
cumvents tissue fixation and produces 
excellent morphologic, histochemical, and 
immunohistochemical results that are 
obtainable with a wide range of tissues, as 
we have clearly shown. 


Plasmacytoid Acute T-Cell 
Lymphoma/Leukemia 


To the Editor:—We read with interest 
the article by Caldwell and associates! re- 
garding a case of acute leukemia/lym- 
phoma of plasmacytoid T-cell type. Un- 
like all of the five? previously reported 
cases of plasmacytoid T-cell lymphoma, 
the tumor cells in this case were mitoti- 
cally more active and showed more evi- 
dence of T-lineage differentiation as dem- 
onstrated by positive, although variable, 
staining with CD2, CD3, CD4, CD7, and 
UCHL-1. There was also evidence of T- 
cell receptor (TCR) f-chain gene rear- 
rangement but we would note that Figure 
5 was mislabeled and the extra band in 
lane 2 is very close to the 8.5-Kb band 


We have demonstrated that the activ- 
ities of a wide range of enzymes, including 
several fixation-sensitive oxidoreductase 
enzymes, are maintained in freeze-substi- 
tuted plastic-embedded tissue and there is 
accurate localization of enzyme activity 
with no diffusion. In contrast, Casey's 
group only demonstrated the preservation 
of activity of several fixation-resistant en- 
zymes (peroxidase, acid phosphatase, a- 
naphthol esterase for example); therefore 
the reactivities of the two methods for en- 
zyme histochemistry are very different. 

Professor Casey's comments regarding 
the development and use of antibodies 
that recognize epitopes in formalin-fixed, 
wax-embedded tissue appear to contradict 
his previous statements.) Formalin fixa- 
tion and wax embedding is a very de- 
structive process and the development of 
specific reagents to recognize antigens in 
formalin-fixed, wax-embedded tissue is 
based on the assumption that the only 
reason that specific antigens cannot be 
currently identified in wax sections is that 
epitopes recognized by available antibod- 
ies are denatured (destroyed) during tissue 
processing. However, it is very likely that 
many antigens are extracted from tissue 
specimens (rather than denatured) during 
routine processing. Furthermore, for- 
malin-fixed, wax-embedded sections are 
not suitable for enzyme histochemistry 
and are far from ideal for immunocyto- 
chemistry, in situ hybridization, lectin 
histochemistry, and the study of muco- 
substances. Thus we should develop and 


sometimes seen in normal individuals. 
The myelomonocytic markers CD13, 
CD14, and CD33 were reported negative. 
In addition, it is the only case that had a 
diffuse marrow infiltration with a leu- 
kemic phase and lymphoma-related 
death. All preceding cases differed in that 
the more specific T-cell marker CD3 was 
consistently negative and the TCR 8-chain 
genes of the tumor cells were in germline 
configuration in the case studied by Koo 
and co-workers. The T-cell markers that 
were expressed (CD4 and CD5) were not 
lineage specific, and several myelomono- 
cytic markers, including CD14, CD36, 
and CD68, often were present. All patients 
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use novel methods to preserve tissue that 
ensure minimum damage or alteration to 
biopsies to maximize the amount of di- 
agnostic information.’ 


GRAEME I, MURRAY 
STANLEY W. B. EWEN 
Department of Pathology 
University of Aberdeen 
Aberdeen, United Kingdum 
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died of the associated myeloproliferative 
disorder rather than of the nodal lympho- 
matous infiltrate. Indeed, the marrow was 
either minimally involved or uninvolved 
by lymphoma in all five cases. 

We had the opportunity to examine two 
additional cases of plasmacytoid T-cell 
lymphoma (manuscript submitted for 
publication) and our findings strongly 
support the concept^$ that “plasmacytoid 
T cells” are of macrophage/monocyte or- 
igin as evidenced by negative GFl1, CD3, 
and CD8 immunostaining; absent im- 
munoglobulin heavy-chain genes; znd 
TCR 8, vy, ó-chain gene rearrangement: as 
well as positive CD14 and CD68. Similar 
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to previously reported cases, the bone 
marrow was involved minimally in one 
and uninvolved in the other. Both cases 
were associated with a myeloproliferative 
disorder that progressed rapidly to an 
acute myeloid leukemia. 

To avoid further confusion awaiting an 
irrefutable confirmation of the monocytic 
lineage of plasmacytoid T cells, we support 
the use of the term “plasmacytoid T-zone 
lymphoma” previously advanced by 
Beiske and co-workers’ for this entity. The 
case of Caldwell and associates' may be 
the only case that truly deserves the ter- 
minology “plasmacytoid T-cell lym- 
phoma,” which appears to be distinctive 
in terms of immunophenotype and clin- 
ical features when compared to plasma- 
cytoid T-zone lymphoma. 


The Authors’ Reply 


To the Editor:—In reference to our ar- 
ticle, "Acute Leukemia/Lymphoma of 
Plasmacytoid T-cell Type",! Drs. Bad- 
doura and Chan appropriately highlight 
the differences in clinical presentation, 
morphology, immunophenotypic mark- 
ers, and evolution of the disease process 
in the patient reported by us and those 
reported by others, as referenced above. 
Certainly, the other cases all have dem- 
onstrated evidence of myelomonocytic 
differentiation. In contrast, our case was 
solely of T-cell lineage, as evidenced by 
immunologic and molecular biological 
probes. We acknowledge the unfortunate 
mislabeling error in the legend of Figure 
5. However, the size of the rearranged 


Drug-Induced Immune Hemolytic 
Anemia 


To the Editor:—1 read with interest the 
report by Chambers and co-workers! re- 
garding possible drug-induced hemolytic 
anemia due to the administration of the 
third-generation cephalosporin, ceftazi- 
dime. However, it was unclear to me 
whether the in vitro serologic results were 
obtained using one of three pharmaceu- 
tical preparations available or using a 
chemically pure form of the drug. If only 
the pharmaceutical preparation was used 
in the serologic investigation then the 


FADY K. BADDOURA 

WING C. CHAN 

Division of Hematopathology 
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band in lane 2 of the same figure is closer 
to 10 Kb than the size of 8.5 Kb suggested 
by Drs. Baddoura and Chan. Further- 
more, the presence of a rearrangement 
using a different restriction enzyme, 
BamHI, argues in favor of true clonal 
rearrangement, and therefore, true T-cell 
clonal proliferation rather than a normal 
germline variation due to polymorphism. 

We appreciate the comments of Drs. 
Baddoura and Chan. Until the lineage is 
unequivocally determined in cases dis- 
playing myelomonocytic markers, we 
agree with their contention that such cases 
might better be described as “plasmacy- 
toid T-zone lymphomas” to separate them 
from true T-cell malignancies. 


conclusion of ceftazidime-induced he- 
molysis may not be unequivocal. 

It is known that drugs supplied by 
pharmaceutical companies contain any 
number of additives or fillers? and that 
these excipient compounds could, them- 
selves, result in misinterpretation of an 
investigation of drug-induced immune 
hemolytic anemia.^^ Furthermore, most 
excipient compounds will not be listed by 
the manufacturer. I raise this point to re- 
emphasize the need for investigators to 
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rule out any other potential causative 
agents contained in a given pharmaceu- 
tical drug preparation. From a scientific 
point of view, this is absolutely critical be- 
fore we should implicate a specific drug 
contained in a pharmaceutical prepara- 
tion. Furthermore, it is easy to obtain the 
chemically pure form of the drug, most 
of which are available from Sigma Chem- 
ical Company, St. Louis, Missouri.^ 
Obviously from a clinical point of view 
it is crucial to use the actual pharmaceu- 
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tical preparation that the patient is re- 
ceiving in any initial investigation of drug- 
induced hemolytic anemia. Because ex- 
cipient compounds are used extensively 
by pharmaceutical companies and cases 
of drug-induced immune hemolysis are 
rare, it may seem unlikely that any other 
compound contained in the pharmaceu- 
tical could be responsible. Nonetheless, in 
vitro proof of a specific drug involvement 
can only be provided using a chemically 
pure form of the suspect drug or, if avail- 
able, its metabolite(s). 


The Authors' Reply 


The serologic results were obtained us- 
ing the pharmaceutical preparation Fortaz 
(Glaxo Pharmaceuticals, Research Tri- 
angle Park, NC). The preparation for in- 
jection is a dry, powdered mixture of cef- 
tazidime and sodium carbonate, added to 
facilitate dissolution. Because the phar- 
macologic preparation in this case is es- 
sentially pure ceftazidime, we are confi- 


Pneumocystis Ocular Infection 


To the Editor:—1 read with interest the 
recent report by Dembinski and cowork- 
ers concerning disseminated Pneumocys- 
Lis carinii infection associated with aero- 
solized pentamidine.| They reported 
widespread histologic evidence of such 
infection after death in a patient with ac- 
quired immune deficiency syndrome. 

Were the eyes examined clinically and/ 
or at autopsy, and if so, were they in- 
volved? The authors cite the report of 
Kwok and co-workers? of retinal cotton- 
wool spots in a patient with P. carinii but 
apparently were unaware of some other 
recent reports in the ophthalmic literature. 

The report by Kwok and co-workers? 
was subsequently criticized by others as 
failing to demonstrate that the P. carinii 
organisms caused the  cotton-wool 
spots.?^ Subsequently, it has become clear 
that P. carinii typically causes a choroidal 
infection, clinically manifest by irregular 
yellow-white lesions deep to the retinal 
vessels.?' These three papers^? describe 
a total of six patients who developed dis- 
seminated infection after aerosolized 
pentamidine therapy, and one additional 


DONALD R. BRANCH, PH.D. 
Canadian Red Cross Society 
Blood Transfusion Service 
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dent that the active ingredient mediated 
the red cell sensitization and consequent 
hemolysis. Dr. Branch does well to remind 
us that additives should also be considered 
when investigating cases of drug-induced 
hemolysis and that confirmatory testing 
using chemically pure forms of implicated 
drugs may be required. 


patient who had not received this drug. 
On histologic examination, organisms 
were found within collections of dense 
amorphous eosinophilic material in the 
choroid. Generally, of course, this is dem- 
onstrated with autopsy examination, but 
one patient underwent transscleral cho- 
roidal biopsy to establish the diagnosis.? 
The lesson for clinicians is that the 
ophthalmic manifestations of P. carinii 
infection may be the first evidence of ex- 
trapulmonary disease and that they may 
be asymptomatic. Pathologists should be 
aware that in select cases, transscleral bi- 
opsy is helpful in establishing the diagnosis 
and that postmortem examination of the 
eyes also may demonstrate the infection. 
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Mycobacteria on Wright’s-Stained 
Smears 


To the Editor:—Having read with in- 
terest Godwin and co-worker's! recent 
description of the appearance of myco- 
bacteria on Wright's-stained smears of 
peripheral blood and bone marrow, we 
report our experience observing myco- 
bacteria in Wright’s-stained preparations. 

We also have seen mycobacteria in cy- 
tologic material from patients with ac- 
quired immune deficiency syndrome, in- 
cluding bone marrow aspirate smears and 
imprints, lymph node imprints, and pe- 
ripheral blood smears. We agree substan- 
tially with the observations of Godwin and 
associates,! but in addition to the negative 
staining images they describe, we also have 
found refractile beaded bacilli, which, in 
our experience, often are easier to find 
than negatively stained bacilli. 


Refractile organisms are seen both ex- 
tracellularly and intracellularly. They also 
can be seen in crushed tissue debris or 
thick unsmeared marrow particles, which 
are inadequate for cytologic examination. 
Refractile organisms are easier to appre- 
ciate when the condenser is lowered. They 
are red if examined with microscopes with 
chromatic aberration or clear with apo- 
chromatic lenses. Acid fast stains remain 
the “gold standard" for the histologic di- 
agnosis of mycobacterial infections. 

We also agree with Godwin and 
associates! that recognition of mycobac- 
teria using Wright's stain enables rapid 
identification of a serious and treatable 
infection. However, in our experience, 
only extremely rare organisms sometimes 
were found in peripheral smears examined 


Vol. 96 » No. 2 


CORRESPONDENCE AND CORRECTIONS 


retrospectively after finding many organ- 
isms in bone marrow preparations. We 
do not think that searching for these or- 
ganisms in peripheral blood smears is a 
practical approach to the diagnosis of my- 
cobacterial infection, although it is im- 
portant to recognize that mycobacteria 
sometimes are found in peripheral smears. 
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Department of Pathology 
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NEWS AND NOTICES 


American Society of Clinical Pathologists/ 
College of American Pathologists 


September 21-27, 1991 Joint Fall Meeting (New Orleans, LA) 
April 4~9, 1991 Joint Spring Meeting (Boston, MA) 
October 10-16, 1992 Joint Fall Meeting (Las Vegas, NV) 

For further Information, contact ASCP Customer Services, 2100 W. 
Harrison Street, Chicago, Illinois 60612, or call 1-800-621-4142 (in Il- 
linois, call 312-738-4890). 
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American Society of Clinical Pathologists' 
Regional Educational Programs 


September 4-7, 1991 
October 7-11 


Decisions in Microbiology (Toronto, Canada) 
Fine Needle Aspiration: A General Update 
(Chicago, Illinois) 

Urological Pathology: Current Concepts and 
Recent Developments (Williamsburg, Vir- 
ginia) 

Soft Tissue Pathology: Conceptual and Prac- 
tical Approaches to Diagnosis (Pasadena, 
California) 

Current Topics in Transfusion Medicine 
(Cambridge, Massachusetts) 


October 14-18 


October 18-20 


October 22-25 


October 30- Immunohistology: Techniques and Interpre- 
November 1 tation for Immunoperoxidase, Immunofluo- 
rescence, and In Situ Hybridization (Chicago, 

Illinois) 
November 4-8 A Practical Approach to Diagnostic Hema- 


tologic Problems (Atlantic City, New Jersey) 
Surgical Pathology of the Lung (Santa Fe, 
New Mexico) 

Problems in the Diagnosis and Management 
of Breast Cancer (Longboat Key, Florida) 


November 11-14 


December 4-6 


o 
ASCP Workshop Week for Technologists 


September 3-7 Philadelphia, Pennsylvania 
October 28-November 1 Dearborn, Michigan 
December 3-7 Charleston, South Carolina 
February 18-22, 1992 San Diego, California 

May 19-23, 1992 Washington, DC 

June 9-13, 1992 Chicago, Illinois 


G 
ASCP Flow Cytometry Preceptorships for Technologists 
September 9-19: October 7-17; November 4-14; and December 2-12 


© 
National Medical Laboratory Week 


April 12-18, 1992 
Free planning guide available in December 1991. Buttons, posters, 
notepads, and tent cards available beginning December 1991. 


o 
ASCP Teleconferences 


August 27 Current Concepts on Chlamydial Infections 


& Laboratory Diagnosis 


September 4 
September 5 


Laboratory Diagnosis of Cystic Fibrosis 
Rubella Serology: Quality Control, Assay 
Comparison & Clinical Use 

Rapid Quality & Cost Effective Diagnosis of 
Viral Respiratory Infections 

Management of Infectious Waste (Session 2 
is scheduled for September 19) 

Your New Laboratory: A Practical Guide to 
Planning, Construction & Relocating Labo- 
ratories 


September 11 
September 12 


September 17 


October I The Arts of Urinalysis—Crystals & Calevli 

October 2 Flow Cytometry Quality Assurance/Quality 
Control for Leukocyte Phenotyping 

October 8 Quality Assurance in Hospital Transfusion 
Medicine 

October 9 Flow Cytometry Evaluation of Acute Leu- 
kemias & Lymphoproliferative Disorders 
(Session 2 is scheduled for Oct. 16) 

October 10 FNA of Liver 

October 11 Quality Assurance in the Histology Labora- 
tory 

October 15 Protein C & S and the Hypercoaguable S:ate 

October 17 Professional Demeanor & Its Influence on 
Students 

October 18 Investigation of Fire- Related Deaths 

October 22 Why Did I Receive This Grade—I Deserve 
an *A" 

October 23 Clinically Relevant Laboratory Monitoring of 
Organ Transplant Patients 

October 24 The Faces May Change but the Problems Stay 
the Same 

October 29 Molecular Approaches to Therapy & Vaccine 
for AIDS 

October 30 Autologous Blood Transfusion Therapy: 


Goals for the 1990s 


For further information on all ASCP programs, call ASCP Customer 
Services, 800-621-4142 (in Illinois, call 312-738-4890). 


o 
Nineteenth Fine Needle Aspiration Cytology Tutorial 


September 16-20, 1991 — Vail Valley, Colorado 

The directors for this course are Heinz K. Grohs, M.D., and Torsten 
Loewhagen, M.D.; faculty members are Thomas F. Kardos, M.D.. and 
L. Patrick James, M.D, This week-long course is directed toward cyto- 
pathologists, general pathologists, and other professionals with interest 
in diagnostic fine-needle aspiration cytology. The tutorial includes didactic 
sessions, practical labs for aspiration and smear preparation techniques, 
and microscopic sessions with an extensive slide collection from the 
Karolinska Hospital in Stockholm, Sweden, and from the other partic- 
ipating pathology departments available for study. This educational! ac- 
tivity meets the criteria for 28 hours in Category 1 of the Physician's 
Recognition Award of the American Medical Association. For further 
information, contact the Program Director, Heinz K. Grohs, M.D., at 
the International Institute for Applied Cyto Sciences, P.O. Box 377, 
Manchester, Massachusetts 01944, or call 508-741-1215, ext. 4101. 


o 
Cleveland Clinic Foundation 


October 5, 1991 Dermatopathology Self-Assessment Work- 
shop (Cleveland, Ohio) 


For further information write to The Cleveland Clinical Educational 
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Foundation, Department of Continuing Education, P.O. Box 94977, 
Cleveland, Ohio 44195; or call 800-762-8173 or 216-444-5696 (local 
calls). 


o 
Foundation for Advanced Education in the Sciences 


October 14-16, 1991 New Solutions to Old Problems in Diagnostic 
Pathology (Washington, D.C. area) 

This three-day program will address difficult or evolving areas of di- 
agnostic pathology and will focus on areas that often pose diagnostic 
difficulty. New techniques applicable to the general pathology laboratory 
will be presented, and clinicopathologic correlations of morphologic di- 
agnoses will be stressed. Participants will receive a syllabus containing 
lecture outline material and references. The program is designed for 
pathologists at the senior resident and practitioner levels. Twenty-one 
hours of AMA Category I credit is available. For further information, 
write to Surgical Pathology, % FAES, One Cloister Court, Bethesda, 
Maryland 20814-1460; or call 301-496-7975. 


e 


International Symposium on Automated Cytologic Screening 
for Cervical Cancer 


October 17-19, 199] Denver, Colorado 

This meeting will offer in-depth analysis of developments in the field 
of automation in cytopathology and affords participants with the op- 
portunity to become more aware of current methods of specimen prep- 
aration and video scanning technology. The main purpose of the sym- 
posium is to provide a forum in which the complex issues in this emerging 
field may be discussed. The directors are Heinz K. Grohs, M.D., Salem 
and Beth Israel Hospitals, Boston; and O. A. N. Husain, M.D., Charing 
Cross Hospital, London. 

The three-day conference will include sessions on historical information 
of interest, analysis of market needs for automated screening, challenges 
for specimen standardization, issues of quality assurance, the possible 
role of the Federal Food and Drug Administration in this area, discussion 
of commercial applications of currently available technology, and work- 
shops offering small group demonstrations of pertinent equipment. Par- 
ticipation is open to physicians, medical technologists, cytotechnologists, 
laboratory managers, and other interested members of the healthcare 
industry. For further information write to The International Institute 
for Applied CytoSciences, Inc., 40 Beach Street, Suite 304, Manchester, 
MA 01944; or call 508-526-8083; or Heinz K. Grohs, M.D., F.LA.C., 
Program Chairman, 508-724-1200, ext. 4101. 


o 
American Association of Pathologists 


October 31-November | Concepts in Molecular Biology (Bethesda, 

3, 199] Maryland) 

Co-sponsored by the United States and Canadian Academy of Pa- 
thology and the College of American Pathologists, this course will consist 
of lectures, tutorials, laboratory demonstrations, and a syllabus with an- 
notated bibliographies and laboratory protocols. The course has been 
designed for diagnostic and experimental pathologists, basic scientists, 
and clinical investigators who want to become conversant with the basic 
principles and concepts of recent advances in biotechnology. Emphasis 
will be placed on understanding nucleic acid molecular biology and its 
application to diagnosis and pathogenesis of human disease. Space is 
limited, so register early. Category I CME credit will be available. For 
more information and registration forms write to The American Asso- 


ciation of Pathologists, 9650 Rockville Pike, Bethesda, MD 20814-3993; 
or call 301-530-7130, or fax 301-571-1879. 


e 
Tulane University School of Medicine 


November 8-9, 1991 Pathology Update (New Orleans, Louisiana) 

This course is designed to provide the latest information on diagnostic 
approaches and new techniques in anatomic and clinical pathology. 
Topics include recent advances in surgical pathology, immunopathology, 
flow cytometry, diagnostic molecular pathology, TDM, hepatitis C, and 
early diagnosis of selected diseases. Invited speaker will be David L. 
Page, M.D., of Vanderbilt University. The course has been approved for 
Category I accreditation. Additional information may be obtained from 
the course directors, Terence T. Casey, M.D., and Michael A. Gerber, 
M.D., Department of Pathology, Tulane University School of Medicine, 
1430 Tulane Avenue, New Orleans, Louisiana 70112; for information, 
call 504-588-5210. 


o 


Department of Pathology, Massachusetts General Hospital, 
Harvard Medical School 


November 18-22, 1991 |Current Concepts in Surgical Pathology 

This postgraduate course will be presented under the direction of Nancy 
L. Harris, M.D., Robert H. Young, M.D., and Eugene J. Mark, M.D. 

This course is designed for pathologists at resident and practitioner 
levels. It will provide an in-depth review of diagnostic surgical pathology 
with emphasis on morphologic features, newly recognized entities, and 
new techniques, presented by the faculty of the Department of Pathology, 
Massachusetts General Hospital. Instruction will be primarily by lecture 
but also will include discussion periods. Each participant will receive a 
comprehensive course syllabus. 

The course has Category I accreditation for approximately 35 hours 
of CME credit by the American Medical Association. The fee for the 
course is $650 (residents and fellows: $450). For further information, 
write to the Department of Continuing Education, Harvard Medical 
School, 25 Shattuck Street, Boston, MA 02115; or call 617-432-1525. 


9 
The University of Utah 


February 15-22, 1992 15th Annual Update in Clinical Microbiology 
and Immunology (Park City, Utah) 

The University of Utah Department of Pathology, Division of Clinical 
Microbiology and Immunology, is pleased to offer this 25-hour review 
and update. Course directors are John M. Matsen, M.D., and Harry R. 
Hill, M.D. For further information write to Dr. Matsen, Department of 
Pathology, University of Utah School of Medicine, Salt Lake City, Utah 


84132; or call 801-581-7480. 


o 
Dermatopathology Symposium 


February 15-23 Palm Springs, California 

This symposium, taught by A. Bernard Ackerman, M.D., will consist 
of three 3-day courses: (1) A New Look at Histologic Diagnosis of In- 
flammatory Skin Diseases with Particular Emphasis on Superficial Peri- 
vascular Dermatitis, Vasculitis, and Panniculitis; (2) Mythology in Der- 
matopathology: Fictitious Diseases and Fallacious Concepts in Contem- 
porary Dermatopathology; and (3) Still Another 100 Clues to Diagnosis 
in Dermatopathology (Clues III). Courses will run from 8:00 A.M. to 
1:00 P.M. each day; breakfast sessions for residents will begin at 7:00 
A.M. For further information, write to Florence Nygaard, 300 E. 40th 
Street, Suite 26H, New York, NY 10016; or call 212-263-7268. 
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INFORMATION FOR AUTHORS 


Scientific Papers, Brief Scientific Reports, Case Reports 


The American Journal of Clinical Pathology is devoted to prompt 
publication of original studies and observations in clinical and anatomic 
pathology. Original papers relating to laboratory use, management, and 
information science will be given consideration. An article is received 
with the understanding that it is submitted solely to the American Journal 
of Clinical Pathology and that no substantial portion of it is being sub- 
mitted elsewhere. A manuscript based primarily on data published pre- 
viously is not acceptable. 

Send the original typewritten manuscript and two photocopies with 
three sets of illustrations to: 


American Journal of Clinical Pathology 
2100 West Harrison Street 
Chicago, Illinois 60612-3798 


Transmittal letter. Send with the manuscript a covering letter which 
states that 1) all authors have read and approve the final manuscript; 2) 
(if applicable) the authors will assume the cost of reproducing color il- 
lustrations; 3) when individuals (who have contributed significantly to 
the study) are acknowledged by name, their permission has been obtained 
to do so. Also, in conformance with the Copyright Revision Act of 1976, 
include the following statement, which has been signed by all authors 
(except federal employees): “In consideration of the American Journal 
of Clinical Pathology taking action in reviewing and editing the above 
named Article, the Author(s) hereby assign(s) to the American Society 
of Clinical Pathologists its legal representatives, successors and assigns 
all publishing rights and all other rights to the Article throughout the 
world, in any language and in any medium, including the right to procure 
the copyright thereon and the right to secure any renewals, reissues and 
extensions of any such copyrights in the United States or in any foreign 
country. Author(s) may request permission to reuse the manuscript or 
portions thereof. Such requests must be in writing and permission by 
the ASCP shall not be unreasonably withheld. The Author(s) appoint(s) 
the ASCP as the Author’s(s’) attorney-in-fact to execute any documents 
the ASCP deems necessary.” 

The Author(s) also warrant(s) to the ASCP that the Article is the original 
work of the Author(s) except for material in the public domain and such 
excerpts from other works as may be included with the wntten permission 
of the copyright owners; and that the Article has not previously been 
published, submitted, or accepted for publication elsewhere; that the 
authors have contributed significantly to this paper, understand it and 
endorse it; and that the authors have no relationship, financial or oth- 
erwise, with any manufacturers or distributors of products evaluated in 
this paper, or alternatively, any such relationship has been disclosed in 
a footnote to the paper; or, the requirement is irrelevant to this paper. 

Type manuscripts double-spaced throughout, with one-inch margins, 
on bond paper, 84 X 11 inches. Begin a new page for each section (i.e., 
title page, abstract, text, references, tables, legends, and acknowledg- 
ments), numbering pages consecutively. 

Title page. Include on the title page: 1) a concise title; 2) first name, 
middle initial, last name of each author plus his highest degree; 3) in- 
stitutional affiliation of each author; 4) name and address of author to 
whom reprint requests should be addressed; 5) acknowledgment of 
source(s) of support; 6) a brief title (40 characters total, including spaces); 
7) disclaimers, if any. 

Abstract and key words. The abstract, not exceeding 150 words, should 
state the study's purposes, procedures, and significant findings, with em- 
phasis on new observations. Include 3 to 10 key words below the abstract. 

Text. The Introduction should clearly state the purpose and rationale 
of the study being presented. 

Materials and Methods. Established techniques may be referenced; 
however, new or modified methods should be described in sufficient 
detail to allow duplication of the study by an independent observer. 
Describe Results concisely and in a logical fashion. The Discussion should 
emphasize novel or significant aspects of the study; conclusions should 
not be based on unpublished observations or data derived solely from 
the previous literature. 

Case Reports should not exceed four printed journal pages (about 12 
double-spaced manuscript pages). 

Nomenclature. Use current editions of Dorland's Medical Dictionary 
and Webster’s International Dictionary as references. Use the nomen- 
clature of bacteria given in Bergey's Manual of Determinative Bacteri- 
ology. Identify all drugs and chemicals by their generic names, followed, 
in parentheses, by the chemical formulas when deemed appropriate. The 


TNM method for staging tumors is required (American Joint Commitee 
on Cancer. Manual for Staging of Cancer, 2nd edition, J.B. Lippincott 
Co., Philadelphia, 1983). 

Units. All quantitative measurements must be expressed in SI units, 
followed in parentheses, by the conventional metric units, pH, gas pressure 
measurements (pO, and pCO,), and osmolality should be reported in 
conventional units only. Express temperature in degrees Celsius. Express 
enzyme activity in International Units per liter (U/L). Base all SI con- 
centration units on a volume of 1 liter (symbol L). Express as amount 
of substance (mole) or mass (gram) units using appropriate prefixes, sach 
as milli- or micro-. Conversions may be made using factors given in Am 
J Clin Pathol 1987; 87: 140—151. In describing reagent preparation, con- 
tinue to give weights and volumes in conventional metric units only 
(e.g., Stock 500 mmol/L glucose standard; add 0.900 g of glucose to 10 
mL water in 100 mL volumetric flask, dissolve, and fill to the mark with 
water.). 

Abbreviations. Use standard abbreviations whenever possible (see 
Council for Biology Editors Style Manual, Council for Biology Editors, 
4th Edition, Arlington, VA, 1978). The full term for which the abbre- 
viation stands, followed by the abbreviation in parenthesis, should precede 
the first use of the abbreviation in the text, except for standard units of 
measurement. 

Human and animal experimentation. When reporting results of ex- 
perimental investigations on human subjects, include a statement ihat 
the procedures followed were in accord with the ethical standards es:ab- 
lished by the institution in which the experiments were performed or 
are in accord with the Helsinki Declaration of 1975 (Encyclopedia of 
Bioethics. Vol 4, Warren T. Reich, Editor-in-Chief. Georgetown Unm- 
versity, The Free Press, Division of Macmillan Publishing, New York, 
1978, pp 1769-1773). Experimental investigations on animals mus: in- 
clude a statement indicating that the institution's or the National Research 
Council's guide for the care and use of laboratory animals was followed. 

References. References should include only articles cited in the text, 
and should be listed in order of citation. When there are four or fewer 
authors, list all of them. When there are five or more, list the first three 
and add “et al.” Journal titles should be abbreviated according to Idex 
Medicus. The following format should be used, and inclusive page ref- 
erences should be given. 


1. Rosen PP, Kimmel M. Juvenile papillomatosis of the breast: a fol'ow- 
up study of 42 patients biopsied before 1979. Am J Clin Pathol 
1990;93:599-603. 


Illustrations. Cite figures consecutively in the text, and submit them 
as sharp, glossy, black and white, unmounted photographs. All illustra- 
tions must fit the journal columns (34 X <9 in. [single column]; 7 X <9 
in. [double column]). Figures outside this range will be cropped or reduced 
at the editors' discretion. Art work and graphics must be of professional 
quality and legible. Indicate figure number and list first author on the 
top-back of all illustrations, by gummed labeling or writing hghtly in 
pencil. Submit figure legends on a separate page, double-spaced. Stains 
and magnifications must be included. Photographs of persons should 
render them unidentifiable or include their written permission. All authors 
must assume the cost of reproducing color photographs. 

Tables. Cite tables in the text in consecutive order. Type each table 
double-spaced on separate pages. Each column should contain a short 
heading. Place explanatory material (with nonstandard abbreviations, if 
not explained in the text) in footnotes to the table. Do not use internal 
horizontal and vertical lines. 

Footnotes. Limit use of footnotes. Use symbols in the following order 
ag Ts $, §, E 1, ae tt. 

Disposition of manuscript. Receipt of manuscripts will be acknowl- 
edged and a decision regarding disposition made as soon as possible. 
Accepted manuscripts are subject to editorial revision and are not re- 
turned. Corresponding author will receive galley proofs for review. An 
order for reprints accompanies the galley proof. 

Letters to the Editor. Only communications referring to an article 
recently published in the Journal are eligible for acceptance as Letters 
to the Editor. One month is allowed for the original author's reply, after 
which the letter(s) will usually be published within two months. However, 
for such rapid publication we cannot provide authors with galley proofs 
or reprints. Letters to the Editor containing figures or complicated tables 
will go through the usual process. Publication in that case takes about 
six months. In many instances, such letters are more appropriately sub- 
mitted as a Brief Scientific Report. 








ASCPI/CAIP 1992 SPRING MEETING 
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POSTER SESSIONS 


All laboratory professionals are invited to participate in an exchange of the latest research 
in anatomic and clinical pathology. Scientific abstracts may now be submitted for presen- 
tation in a poster format at the ASCP/CAP 1992 Spring Meeting in Boston, Massachusetts. 
Abstracts are accepted on the basis of quality as determined by the ASCP Abstract Review 
Committee. Abstracts selected for poster presentation will be published and indexed in the 
American Journal of Clinical Pathology. | 


PATHOLOGY RESIDENT AWARDS 


ASCP/CAP invite submission of abstracts from pathology residents for the Pathology 
Resident Awards. The sum of $500 each will be awarded to the authors presenting the best 
paper in anatomic pathology and the best paper in clinical pathology, respectively. Ten 
papers authored by residents, five each in anatomic pathology and clinical pathology, will 
be selected for presentation from the podium during the ASCP/CAP 1992 Spring Meeting. 
The abstracts of all ten finalists will be published and indexed by the American Journal of 
Clinical Pathology. 


For information, call ASCP toll-free: 800-621-4142 (in Illinois, phone 312-738-4890). Or write: 
Manager for Scientific Assembly, American Society of Clinical Pathologists, 2100 West 
Harrison Street, Chicago, Illinois 60612-3798. 


American Society of A, 


Clinical Pathologists College of American Pathologists 
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CLASSIFIED 
AD SECTION 


Classified advertising is available in 
AMERICAN JOURNAL OF CLINICAL 
PATHOLOGY for those recruiting per- 
sonnel. 


Classified ad copy, like other advertis- 
ing copy, will be reviewed for approval 
prior to publication. 


Classified Rates: $10.00 per line or 
fraction of line. The average line will be 
40 characters. $50 minimum. 


Box Numbers: Replies may be 
directed via Box # to J.B. Lippincott 
Company, at an extra charge per inser- 
tion of $10.50 to cover handling costs 
in forwarding such replies to the adver- 
tiser. 


How to Order: Send typewritten text 
copy of the ad with full remittance to: 


AMERICAN JOURNAL OF 
CLINICAL PATHOLOGY 

c/o J.B. Lippincott Company 
Attention: Honna Ekhouse 
227 East Washington Square 
Philadelphia, PÀ 19106-3780 
(215) 238-4215 


Deadline: Copy received by the 20th 
of the month will run in the SECOND 
FOLLOWING MONTH's issue. 


Positions 
Available 


DIRECTOR OF CLINICAL MICROBIOL- 
OGY. Summa Health Systems, an 800 bed 
community health care/teaching consor- 
tium, consisting of Akron City Hospital and 
St. Thomas Medical Center, has an imme- 
diate opening for a doctoral level clinical 
microbiologist. Responsibilities include 
directing the microbiology laboratory, par- 
ticipating in rounds and consulting with 
clinicians, instructing residents, medical, 
and medical technology students, and con- 
ducting research. An appropriate faculty 
appointment at the Northeastern Ohio 
Universities College of Medicine will be ar- 
ranged. Qualifications include a Ph.D. 
and/or an M.D. degree, board certification, 
board eligibility, or equivalent training and 
experience in clinical microbiology, and ex- 
cellent communication and interpersonal 
skills. Applicants interested in this challeng- 
ing opportunity should forward a C.V. and 
statement of clinical research interests to: 
T. Alexander, Ph.D., Chair, Microbiology 
Search Committee, Department of 
Pathology and Laboratory Medicine, 
Akron City Hospital, 525 E. Market St., 
Akron, OH 44309. 





DERMATOPATHOLOGIST NEEDED - 
MetWest of Arizona is seeking a university 
trained pathologist with board certification 
in anatomic pathology and dermatopathol- 
ogy. Interest and/or experience in 
cytopathology is a plus. MetWest offers a 
generous benefit package, paid vacation 
and meeting time and compensation com- 
petitive for the area. If interested please 
reply with curriculum vitae and a copy of 
your credentials to: PATRICK L. KNIGHT, 
M.D., MEDICAL DIRECTOR, MetWest of 
Arizona, 9201 N. 7th Avenue, Phoenix, 
Arizona 85021, (602) 678-7615. 


Kalamazoo, Michigan - Bronson 
Methodist Hospital, a 442-bed tertiary 
care facility, is seeking an AP/CP Board 
Eligible/Board Certified Pathologist. Cer- 
tification in Pediatric Pathology would be 
desirable but not necessary. This individual 
would be joining four pathologists, on cer- 
tified Hematology and another in Cytology. 
Numerous critical care beds include burn, 
neonatal, trauma, pediatrics, medical and 
surgical. Over 900,000 clinical laboratory 
tests, 18,000 tissue cases, and 100 autop- 
sies are performed annually. The salary 
and benefits packages are competitive. 
The residency program is associated with 
Michigan State University. Kalamazoo, lo- 
cated midway between Chicago and 
Detroit, offers diverse cultural oppor- 
tunities, Excellent schools, several colleges 
and a major university further contribute to 
a high quality lifestyle. Please respond with 
curriculum vitae or call: Nedra Gerke, R.N., 
Bronson Methodist Hospital, 252 E. 
Loveli St, Kalamazoo, MI 49007 800- 
594-9022. 


Loyola University Medical Center 
(LUMC) of Chicago: The Department of 
Pathology is currently seeking a board cer- 
tified AP/CP Pathologist with subspecialty 
boards in Hematology for an Assistant 
Professor position in the division of 
Hematology. The individual would act as a 
liaison between the immunophenotype and 
molecular biology laboratories and the clini- 
cal services. He/she would be involved in 
teaching in an active hematology fellowship 
program, residency and medical school 
setting. The candidate will be involved in 
general hematology, bone marrow, special 
hematology and lymph node sign out. Re- 
search possibilities in molecular hematol- 
ogy and immunophenotyping; especially in 
the area of the leukemias and lymphomas 
are available and could be easily pursued. 
The selected candidate will work closely 
with a senior hematologist experienced in 
research, teaching and publication in the 
medical literature. The selected candidate 
will have every opportunity to further his/her 
academic career in laboratory hematology 
and hematopathology. LUMC is an equal 
opportunity employer. Applications with 
curriculum vitae and the three names of 
references should be sent to: Harold R. 
Schumacher, M.D., Department of 
Pathology, 2160 South 1st Avenue, 
Maywood. illinois 60153. 
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ASSOCIATE DIRECTOR, DIVISION CF 
CLINICAL LABORATORIES, BOSTON 
CITY HOSPITAL. Responsible for profes- 
sional supervision of the Hematolocy, 
Biochemistry and Toxicology services, bcth 
central and satellite operations. Requires 
expertise in technical management and 
facility with personnel direction. Doctorate 
required. Salary commensurate with ox- 
perience. Qualified candidates should send 
curriculum vitae and names of references 
to: Alfred Tauber, W.D., Director, Division 
of Clinical Laboratories, Boston City 
Hospital, Boston University Schoo! of 
Medicine, 80 East Concord Street, Bos- 
ton, MA 02118. Affirmative Action/Equal 
Opportunity Employer. Women and 
minorities are encouraged to apply. 


SURGICAL PATHOLOGIST, Case 
Western Reserve University. The in- 
stitute of Pathology, Case Western 
Reserve University and University Hospi- 
tals of Cleveland, seeks academic surgical 
pathologists. Experience in cyto:ogy 
desirable. Candidates should be com- 
mitted to teaching. Heseerch opportunities 
available and encouraged. Rank and salary 
commensurate with qualifications and ex- 
perience. Send curriculum vitao to: 
Michael E. Lamm, M.O., Director, In- 
stitute of Pathology, Case Western 
Reserve University, 2085 Adelbert Hoad, 
Cleveland, Ohio 44106. An equal cppor- 
tunity/affirmative action employer. 





Director of Clinical Microbiology - 
Children's Hospital Medical Center of 
Akron, a primary teaching hospital of North- 
eastern Ohio Universities College of 
Medicine, seeks a Ph.D. microbiolcgist to 
direct its microbiology and virology 
laboratories. The hospital is a 253 bed 
regional pediatric center with a 17 county 
referral area. The virology lab offers 
regional reference services. The success- 
ful candidate will be board certífied or 
equivalent with experience in diagnostic 
clinical virology. Experience in molecular 
biology and research a plus. Contact 
Howard J. Igel, M.D., Chairman, Depart- 
ment of Pathology and Laboratory 
Medicine, Children’s Hospital Medical 
Center of Akron, 281 Locust Street, 
Akron, Ohio 44308. 





CLINICAL CHEMIST/TOXICOLOGIST. 
Immediate opening for a board certified 
clinical chemist certified in toxicological 
chemistry. Incumbent will servo as the 
analytical toxicology specialist in a Clinical 
Chemistry/Toxicology Laboratory of a large 
hospital which functions as a regional ref- 
erence facility. Salary is commensurate 
with experience and education. For ap- 
plication packet please call Robert Davies, 
Personnel Service at (612) 723-2060 or 
send CV to VA Medical Center, Person- 
nel Service (05A), One Veterens Drive, 
Minneapolis, MN 55417. The VAMC is an 
Equal Opportunity Employer. 
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HAWAII - SURGICAL PATHOLOGIST/ 
CYTOPATHOLOGIST. Excellent oppor- 
tunity for board eligible/certified AP/CP with 
fellowship training in cytopathology to join 
largest and well-established multispecialty 
prepaid group. Modern and well-equipped 
facility at a 205-bed hospital. Competitive 
salary, excellent benefits package, and 
university affiliated. Close to mountains and 
beaches with abundant outdoor recreation 
in an exceptional climate. Please send cur- 
riculum vitae to: Alfred Scottolini, M.D., 
Director of Laboratories and Chief 
Pathologist, Hawaii Permanente Medi- 
cal Group, inc., 3288 Moanalua Road, 
Honolulu, Hi 96819. An Equal Oppor- 
tunity/Affirmative Action Employer. 


DIRECTOR OF HEMATOLOGY AND 
HEMATOPATHOLOGY -The Department 
of Pathology at the New England Deaco- 
ness Hospital, Boston, MA seeks a Chief of 
Hematology and Hematopathology. The 
position involves the direction of a full ser- 
vice hematology laboratory, including 
coagulation, flow cytometry and diagnostic 
hematopathology. Requirements: 
American Board of Pathology certification, 
subspecialty certification in Hematopathol- 
ogy, a strong record of research activities 
and publications and previous experience 
in teaching and administration. The position 
carries an appointment at Harvard Medical 
School at a level commensurate with 
qualifications. Equal opportunity/affirm- 
ative action employer. Contact: Paola C. 
DeGirolami, M.D., Department of Pathol- 
ogy, New England Deaconess Hospital, 
185 Pilgrim Road, Boston, MA 02215. 


Academic Chemical Pathologist - The 
Pathology Department at Indiana Univer- 
sity School of Medicine is seeking a 
Pathologist for an Assistant Professor 
tenure-track position in the Division of Clini- 
cai Pathology, and Board Certified or 
Eligibie in Chemical Pathology, with fellow- 
ship training in Chemical Pathology or Clini- 
cal Chemistry. The position involves the 
professional direction of clinical 
laboratories as well as participation in the 
Division's educational programs. An inter- 
est and background in research is strongly 
recommended, with the candidate ex- 
pected to pursue an independent research 
program. Research interests in protein/en- 
zyme biochemistry, endocrinology, or medi- 
cal informatics are highly desirable. The 
Department of Pathology at Indiana Univer- 
sity Medical Center is a large academic 
department which directs clinical 
laboratories in four hospitals; has educa- 
tional programs in medical technology, 
medical and graduate programs, as well as 
Residency and Fellowship trainingships. 
Send curriculum vitae and the names of 
three references to: Dr. Carleton D. 
Nordschow, Chairman, Department of 
Pathology, Indiana University Hospital, 
Room N-440, 926 West Michigan Street, 
Indianapolis, Indiana 46202-5283. 
Indiana University is an Equal Opportunity 
Employer. 


CLEVELAND CLINIC FLORIDA - 
DEPARTMENT OF PATHOLOGY AND 
LABORATORY MEDICINE - Additional 1-2 
pathologists sought to join a growing prac- 
tice in the Department of Pathol- 
ogy/Laboratory Medicine at Cleveland 
Clinic Florida. Individuals must be board 
certified/eligible in anatomic/clinical pathol- 
ogy. Expertise required in surgical pathol- 
ogy/cytopathology and an area in clinical 
pathology. Preference given to candidates 
with demonstrated interest in potential 
academic development. Send curriculum 
vitae with names and addresses with three 
references to Fred V. Lucas, M.D., Depart- 
ment of Pathology & Laboratory 
Medicine, Cleveland Clinic Florida, Ft. 
Lauderdale, FL 33308. An equal oppor- 
tunity/affirmative action employer. 


TRANSFUSION MEDICINE DIRECTOR - 
PATHOLOGIST. Pathologist with interest 
and/or certification in Transfusion Medicine 
needed by a 556 bed acute care medical 
center with active Trauma, Cardiovascular 
Surgical and Oncology Services. Hospital 
is a principal teaching affiliate of the Univer- 
sity of Illinois College of Medicine and is a 
participant in the Metropolitan Hospital 
Group Residency in Pathology. Blood Bank 
has donor, cytopheresis, and apheresis 
services and an annual workload of nearly 
8,000 blood and 6,500 component trans- 
fusions. Candidate should be board 
eligible/certified and will also participate in 
surgical pathology, autopsy, and 
cytopathology rotations. Medical staff con- 
sists of nine board certified pathologists and 
three laboratorians with clinical interests. 
inquiries and resumes to Douglas P. 
Rhone, M.D., Chief, Department of 
Pathology; lilinois Masonic Medical 
Center; 836 West Wellington Ave.: 
Chicago, illinois 60657. Tele: (312) 296- 
7889. 


Clinical Chemistry, Department of : 


Pathology, University of Miami/Jackson 
Memorial Medical Center. The Depart- 
ment of Pathology at the University of 
Miami is recruiting a physician to serve as 
the Associate Director of Clinical Chemistry 
at the 1250 bed Jackson Memorial Hospi- 
tal. We are seeking an individual who has 
experience in Clinical Chemistry and will 
work closely with the section Director in the 
development of clinical research and teach- 
ing programs and the implementation of 
administrative policies. The University of 
Miami Department of Pathology includes a 
faculty of 45 physicians and scientists and 
19 house officers. The candidate for this 
position should be a BE/BC pathologist with 
experience in Clinical Chemistry. Appoint- 
ment will be at the rank of Assistant or 
Associate Professor. Rank and compensa- 
tion will be commensurate with 
demonstrated past accomplishments. Ap- 
plicants should send their curriculum vitae 
and three references to: Gerald E. Byrne, 
Jr., M.D., University of Miami/Jackson 
Memorial Medical Center, Dept. of 
Pathology, 1611 N.W. 12th Ave., Miami, 
FL 33136. 


BOARD CERTIFIED/ELIGIBLE CER- 
TIFIED PATHOLOGIST - 1,004-bed GM&S 
and Psychiatry VA Medical Center is seek- 
ing pathologist with expertise in anatomical 
pathology and clinical laboratory medicine 
to direct laboratory staffed by 23 
employees. The VAMC is affiliated with 
Pennsylvania State University College of 
Medicine, Hershey, Pennsylvania, and as 
such, has residents in medicine, surgery, 
urology, ophthalmology, anesthesiology 
and family medicine. Cost of living is 
reasonable and southcentral Pennsyivania 
is a delightful location. Salary and benefits 
are competitive. Contact Personne! Ser- 
vice (05), VÀ Medica! Center, Lebanon, 
PA 17042. (717) 272-6621, ext. 4273. 
EOE. 


CHIEF, LABORATORY SERVICE. Board 
Certified Anatomic/Clinical physician to join 
expanding patient care, consultation, 
teaching and research effort with joint VÀ- 
Texas A&M University appointment. 
Laboratory service is CAP accredited. The 
VÀ Medical Center is affiliated with a major 
teaching hospitalfor the Texas A&M Univer- 
sity Health Science Center. Candidate must 
qualify for faculty appointment. Faculty rank 
based on experience and qualifications. 
Required duties will include clinical service, 
resident fellowship and student instruction. 
Research interest encouraged. Texas has 
no state income tax and a low cost of living. 
Contact David Waugh, M.D., Olin E. 
Teague Veterans' Center, 1901 South 
First Street, Temple, Texas 76504. Phone 
AC 817/771-4539. Equal Opportunity 
Employer. 





Director of Clinical Hematol- 
ogy/Coagulation - West Virginia Univer- 
sity has an opening for a board-certified 
Hematopathologist; salary and academic 
rank commensurate with experience. Send 
CV or for further information telephone 
W.S. Morgan, M.D. (304) 293-2092, 
Department of Pathology, Morgantown, 
WV 26506. WVU is an affirmative ac- 
tion/equal opportunity employer. 





Locum 





Locum tenens. Earn up to $180,000.00 
per year. Don't work for an Agency. Work 
for yourself. For details, send name and 
address to Dr. Monroe, 7035 Hwy 6 South, 
Suite P175, Houston, Texas 77083. 











Monoclonal Anti CMY 


IMMEDIATE EARLY ANTIGEN 
CLONE E13 


NOW AVAILABLE 


Clone E13 detects an immediate early antigen which appears 2 hours 
after infection, and persists during the entire CMV infection cycle. This 
monoclonal is suitable for use with routinely fixed, paraffin embedded 
tissue sections. It can also be used directly on broncho-alveolar lavage, 


or with infected cell cultures. 





Distributed by: NY 
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University of London 
Royal Postgraduate Medical School 


Diagnostic Liver and 
Gastrointestinal Pathology 


28th Oct - Ist Nov 1991 


A week long course in the Mis das yd of the liver and 
luminal gastrointestinal tract, designed for pathologists and 
gastroenterologists. The course will consist of lectures, 
demonstrations and practical microscopy sessions. 


All major problems will be covered, including: ` 


The interpretation of gastric, small intestinal and colonic 
biopsies; neoplasms of the stomach and colon; coeliac disease; 
lymphomas; inflammatory bowel disease; interpretation of liver 
biopsies; viral diseases; liver tumours; vascular lesions; 
transplantation liver biopsies; chronic active liver diseases; toxic 
liver damage; AIDS. 


Course teachers include: 
Professor D Levison 





Guy’s Medical School, London 


Dr B Portmann Kings College Hospital, London 

Dr G Millward-Sadler Southampton General Hospital 

Dr D Wight Addenbrook's Hospital, Cambridge 
Dr M Shepherd Gloucestershire Royal Hospital 

Dr R Goldin St. Mary's Hospital, London 

Dr A Price Northwick Park Hospital, Harrow 
Dr C S Foster Royal Postgraduate Medical School 


Professor N A Wright 
Course organiser: 
Course fee (inc. catering) 
Application forms from: 


Royal Postgraduate Medical School 
Dr C S Foster 
£315.00 


Wolfson Conference Centre 

Royal Postgraduate Medical School 
Hammersmith Hospital 

Du Cane Road 

London W12 ONN 


081 740 3117/3245 
081 740 4950 


This course now receives full US-CME accreditation 


Telephone: 
Fax: 


& 
a 
" 
& 
E 
4 
* 


Pew NETT Lm TON. AAE OSE RI REIS HORN ETC SR CC P PNIS CADRE ETUC AO ET 7 SE TUS. 


ATASE - TOZD ee a o 


: i opportunity 


ae” zi = narum 


i 
if 
Laert ert 


petens 
| 
HEMATOPATHOLOGY 
: FELLOWSHIP 


| Applications are invited for an accredited| 
fellowship in  hematopathology. The 
‘program provides training in the clinical] 


jand laboratory diagnosis of hematologic’ 

‘malignancies,  hemoglobinopathies andi 

hemolytic syndromes, hemostasis andl 

thrombosis, and general hematology. Flow} 

ficytometry and molecular biologic 

| [techniques are routinely used. Previous 

| {training in clinical and/or anatcmical 

| [pathology required. | 

j | Contact: | 

| 

| J.C. DETTER, M.D. 

| Dept. of Laboratory Medicine 

| University of Washington 
Medical Center SB-10 

Seattle, Washington 98195 

| 

| 


IThe University of Washington is an equal | 
institution. 
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Advance your diagnostic skills with 
nine intensive ASCP Educational 
Courses covering an unbeatable com- 
bination of state-of-the-profession top- 
ics. Gain valuable knowledge through 
comprehensive lectures, informative 
microscopy sessions, and stimulating 
hands-on sessions. These 3 to 5-day 
courses give you intensive, single topic 
programs in both anatomic and clinical 


pathology. 


Study with recognized experts — course 
directors and faculty who teach from 
experience, not just textbooks. You'll 
gain outstanding diagnostic knowledge 
and skills you can use immediately in 


your own practice. 


And enjoy top vacation destinations that 
combine excellent meeting facilities with 
superior hotel accommodations. Special 
discounts on hotels, airfares, and car 
rentals stretch your continuing educa- 


tion dollars. 


Plan to attend Fall ASCP Educational 


Courses beginning this September. 








.. . ffo register for any of these coule 
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Decisions in Microbiology 
Thomas M. Sodeman, MD and Jobn A. Bryan, MD 
September 4-7, 1991, Toronto, Ontario, Canada 


Fine Needle Aspiration: A General Update 
Yener S. Erozan, MD 
October 7-11, 1991, Chicago, Illinois 


Urological Pathology: Current Concepts and Recent 
Developments 

William M. Murphy, MD 

October 14-18, 1991, Williamsburg, Virginia 


Soft Tissue Pathology: Conceptual and Practical 
Approaches to Diagnosis 

Jobn S.J. Brooks, MD 

October 18-20, 1991, Pasadena, California 


Current Topics in Transfusion Medicine 
Joel Umlas, MD and Sanford R. Kurtz, MD 
October 22-25, 1991, Cambridge, Massachusetts 


Inmumunohistology: Techniques and Interpretation 
for Immunoperoxidase, lmmunofiuorescence and 
In Situ Hybridization 

David F. Keren, MD 

October 30-November 1, 1991, Chicago, Illinois 


A Practical Approach to Diagnostic 
Hematologic Problems 

Robert J. Hartsock, MD and Patrick CJ. Ward, MD 
November 4-8, 1991, Atlantic City, New Jersey 


Surgical Pathology of the Lung 
Darryl Carter, MD and Arthur Patchefsky, MD 
November 11-14, 1991, Santa Fe, New Mexico. 


Problems in the Diagnosis and Management of 
Breast Cancer 

Paul Peter Rosen, MD and Harold A. Oberman, MD 
December 4-6, 1991, Longboat Key, Florida 


ses or forja free catalog with `- 


complete course information| call ASCP Customer Services at: ` 
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NOW AVAILABLE! 


Monoclonal antibody BNH9 recognizes red blood cell related 
oligosaccharide antigens (H and Y determinants). BNH9 is a useful 
marker of endothelial cells and vascular tumors. 

In conjunction with EMA and CD30 antibodies, BNH9 can distinguish 
Anaplastic large cell lymphoma Hodgkin's disease. 

EMA, CD30 and BNH9 monoclonal antibodies are included in the 
new IOPATH Line from Immunotech. 
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Antibody to blood group related H and Y determinants 
For routinely fixed and embedded tissues 





Instant access to the best cancer inforn: zticn! 


a CancerLit" 
a PDQ" (Physician Data Query) 
Deyita et al’s NEW 3rd EDITION 


of Cancer: Principles 
and Practice of Oncology 







E E 
è Za Lippincott 
F- AWolters Kluwer Company 
J.B. Lippincott 
OncoDisc® Department (215; 238-422 
227 East Washington Square (8CO: 523-294  .f» 
! .. hiladelphia, PA 19106- 3780 (215 238-42: p 
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November 9-16, 1991 — San Diego 


The Osler Institute 
Pathology Review Course honoring Paul Wolf 


May 24-31, 1992 — Indianapolis 


Cytology Review Course honoring Eileen King 


November 13-16, 1991 — San Diego 


OBJECTIVES: 


© To increase proficiency in anatomic and clinical pathology 


© To assist pathology residents in organizing study 
© To prepare candidates to take their board examinations 


o To provide practicing pathologists a comprehensive review 


METHODS: 


May 28-31, 1992 — Indianapolis 


oHOME STUDY MATERIALS consisting of written questions, 
assignments, and answers with explanations. 

© SEMINAR with projection slides and lecture-note syllabus 

o LABORATORY with microscopic glass slides and questions 


"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, 
not only from world-famous authorities but from people who are relatively unknown as well.”* 
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Pathology Review 


Sat, Nov 9, ipm-8pm 
Extra Glass Slide Lab 


Sun, Nov 10, 8am-10pm 
General Pathology 
Injury and Repair 
Neoplasia 
Genetics 
Pediatric Pathology 
Forensic Pathology 
Electron Microscopy 


M-Tu, Nov 11-12, 8am-9pm 

Systemic Pathology 
Cardiovascular 
Pulmonary 
Gastrointestinal 
Endocrine 
Liver and Galibladder 
Breast and Kidney 
Female Reproductive 
Male Reproductive 
Bone and Soft Tissue 
Dermatopathology 
Neuropathology 


Wed, Nov 13, 8am-10pm 
Cytology and Hematology 
Cytopathology 
Red and White Cells 
Platelets and Coagulation 
Lymph Nodes 
Lab Management 
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Thu, Nov 14, 8am-10pm 

Immunopathology 
Humoral Immunity 
Cellular Inmunity 
Immunodeficiency 
Hypersensitivity 
Autoimmunity 
Blood Banking 


Fri, Nov 15, 8am-10pm 
Microbiology 
Bacteriology 
Virology and Mycology 
Parasitology 
Sensitivity Testing 


Sat, Nov 16, 8am-6pm 
Chemistry 
Statistics and Q.C. 
Instrumentation 


. Acid Base and Lytes 


Enzymes and Liver 
RIA and Toxicology 
Lipid and Protein 
Endocrinology 
Urinalysis 


Sun, Nov 17, 8am-6pm 
Extra Glass Slide Lab 


Robert Astarita, M.D. 
Colin Bloor, M.D. 
Delver Cain, M.D. 
Jeffrey Cac, M.D. 

P. Chandrasoma, M.D. 
Arthur Cohen, M.D. 
John Craig, M.D. 


Darryl Heustis, M.D. 
Hanne Jensen, M.D. 
Ronald Kim, M.D. 
Elmer Koneman, M.D. 


Randall MicGivney, D.O. 


Joseph Mirra, M.D. 
Neal Pellis, M.D. 
Charles Petty, M.D. 
David Purtilo, M.D. 
Howard Robin, M.D. 
Joseph Selliken, M.D. 
Robert Shikes, M.D. 


- Clive Taylor, MLD. 


Phillip Vogt, M.D. 
Nancy Warner, M.D. 
Paul Wolf, M.D. 
Edward Wong, M.D. 


Cytology Review 


Fri-Mon, Nov 13-16 
Exofoliative Cytology 
Aspiration Cytology 


Robert Astarita, M.D. 
Carol Carriere C.T. 
P, Chandrasoma, M.D. 
Tina Fanning, M.D. 
Darry! Heustis, M.D. 
Eileen King, M.D. 
Fritz Lin, M.D. 

Shahla Masood, M.D. 
Theodore Miller, M.D. 
Roberta Nieberg, M.D. 
Bruce Ragsdale, MLD. 
Nour Sneige, M.D. 
Richard Voet, M.D. 


Limited Enrollment: PATHOLOGY REVIEW REGISTRATION 


Name 
Address 
City/State/Zip 
Phone 


Maul today to: 


1094 Dawn Lane, Dept. 108 
P.O. Box 2218 
Terre Haute, IN 47802 


DeobpDpm5moaaadaagnmbeuuognuadganonuoagogutumuuntmsonnuumnmaguououugoudgouunuuumnuumaguonucoumgmuumuuu 


For: [ ]Path.: November 9-16, 1991 — San Diego 


[ ] Path.: May 24-31, 1992 — Indianapolis 


[.]Cyto.: November 13-16, 1991 — San Diego 
[ ]Cyto.: May 28-31, 1992 - Indianapolis 


C] Check is enclosed for $ 
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"Accommodations were comfortable...."* 


LOCATION: Both courses will be held at 
the San Diego Princess Resort on an island 
in Mission Bay. The hotel offes bicycling, 
swimming, sailing, tennis, windsurfing and 
both family and fine dining. Our group dis- 
count rates are $99 single and $142 double. 


" and those little evaras...."* 


LOW AIR FARES: Please call toll-free 
1-800-548-8185 for group discounts. 


" Ihe most education for the money."* 


FEES AND COURSE HOURS: 
Pathologist or Resident: Pth. Res. hrs, 
oNov 9: Extraslidelab. —$ 60$ 40 6 
o Nov 10: General Path. $120 $ 80 10 
o Nov 11-16: APand CP $720 $480 59 


o Nov 11-14: Anatomiconly $480 $320 40 
o Nov 13-16: CPonly $480 $320 38 
©Nov 17:Extraslidelab. — $ 90$ 90 10 
o Pathology Review hours up fo: 75 
o Nov 13-16: Cytology $540 $360 40 
© Repeating course within 2 years: half price. 

© Microscope Rental: shared $35; private $70 
9 Add 10% within 10 days of the course. 

9 Attendees not in course hotel add $20/day. 

© A deposit of $50 will reserve your position. 


| © Most home study materials will be mailed after 


nanocomunomsnumumnuaonouaodócuncnpnnoonogosgs5maeaonnPri 


half of the registration fee is received. 
" .home study material was extremely helpful ’* 


REFUNDS Subject to a $50 fee, refunds 

will be made up until the seminar begins. 

9 Cancellations after mailing home study 
material requires retention of half the fee. 


"I feel it helped me pass the boards.’* 


INFORMATION: 
Joseph H. Selliken, Jr., M.D. 
The Osler Institute 
1094 Dawn Lane, PO. Box 2218 
Terre Haute, Indiana 47802 


(800) 356-7537 or (812) 299-5658 


*Comments by participants 





Proliferating Cel Nuclear Antigen 


Signets new PCNA Monoclonal Antibody detects proliferating cells in routinely-processed tissues, 
including formalin-fixed, paraffin-embedded tissues. PCNA (Cyclin) immunoreactivity can be used 
as an index of cell proliferation in tumors and normal tissues as an adjunct to histological grading. 
Expression of PCNA in tumors, particularly breast tumors, may have prognostic significance as 
research indicates cell kinetic markers play an essential role during malignant transformation. 

Please call toll-free for more information on PCNA or our other mono- 
clonal antibodies for breast tumor analysis: 800-223-0796. And be sure 
to ask for our catalog of over 100 products for immunopathology. 









Signet Laboratories, Inc. 





~ 180 Rustcraft Rd., Dedham, MA 02026 
Fax: 617-461-2456 Tel: 617-329-7919 


800-223-0796 


Monoclonal Antibody Panels: URO, MEL, FIL, Blood Group, Breast/Intermediate 

Filaments/Lymphocyte Antigens/Viruses/ Tumor-Associated Antigens/Oncofetal Antigens/ 
| Hormones/Immunoglobulins/Centocor Monoclonal Antibodies/Immunoperoxidase Detection 
Systems/Avidin-Biotin Detection Systems/Staining Accelerators and Accessories 


For research use only. Not for use in diagnostic procedures. 











B2 3 Oncopro e 
Monoclonal Antibody 


This new monoclonal antibody for routine immunohistochemical staining of the 
c-e& 2B-2 oncogene product provides excellent results on formalin-fixed, paraffin- 
embedded tissue sections. Amplification of the c-z2B-2 proto-oncogene and its 
receptor-like product is becoming an important prognostic indicator in a number 
of malignancies, particularly in breast cancer. 
Please call toll-free for more information on c-er2B-2 or our other mono- 
| clonal antibodies for breast tumor analysis: 800-223-0796. And be sure 
to ask for our catalog of over 100 products for immunopathology. 





Signet Laboratories, Inc. 





180 Rustcraft Rd., Dedham, MA 02026 
Fax: 617-461-2456 ‘Tel: 617-329-7919 


800-223-0796 


Monoclonal Antibody Panels: URO, MEL, FIL, Blood Group, Breast/Intermediate 
Filaments/Lymphocyte Antigens/Vi iruses/ Tumor-Associated Antigens/Oncofetal Antigens/ 
Hormones/Immunoglobulins/Centocor Monoclonal Antibodies/Immunoperoxidase Detection 
Systems/Avidin-Bioun Detection Systems/Staining Accelerators and Accessories 


For research use only. Not for use in diagnostic procedures. 
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Latex Capture -CMV 
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u A /^en if COMES tO rea ability, 


CMY test would you choose? 
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Never before has a CMV screening test had so much to offer! 

Capture -CMV is a solid phase screening test system for the 

detection of lgG--HgM antibodies to cytomegalovirus (CMV) in 

human serum or plasma. uu 

Easy to read. Reduces subjectivity with objective reaction 

end-points that can be read and reread by the naked eye for i 
up to two days. 

Flexible. Versatile strip well packaging allows individual or 

batch testing. 

Reliable. Sensitivity of 99.8% and specificity of 99.5%. 

Fast. Test one to 60 patients in under 15 minutes -- several 

hundred in under 45 minutes. Performed at room temperature, 

no special equipment or dilutions required. 

Capture’-CMV. The differences are obvious. For more informa- 

tion, contact your Immucor x 

representative or Customer Service. unb dE 


immucor, Inc., 3130 Gateway Drive, P.O. Box 5625, Norcross, GA 30091-5625 
(800) 829-2553, (404) 441-2051, FAX (404) 441-3807 


